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SUMMARY OF THE THESIS 
Hormonal, metabolic and immunological responses.are the hallmark of surgical stress. 
Catecholamines, Cortisol and glucose-, are important hormonal and metabolic 
biomarkers used to assess the extent of peri-ppgrative^ Stress responses. C-reactive 
proteins (CRP) and tumor necrosis factor-a (TNF-a) are specific proteins modulated 
by the acute stress of surgery. Injury to human body alters normal physiology across 
several systems, whether these alterations are proportional, to the extent of injury at 
the individual level is still an issue of research and discussion. 
Endocrine-metabolic response to surgery has been extensively studied since long 
albeit with varying results (Orloff et al, 1951; Katz et al, 1970; Kehlet, 1982; Tsuji et 
al., 1983; Pithef et al, 1988; Desborough et al, 1989; Haleem et al, 1991; Joris et al. 
1992; Redmond et al., 1994; Glaser et al, 1995; Ortega et al,I996; Kristiansson et al, 
1999; Bozkurt et al, 2000; Hendolin et al, 2000; Holub et al, 2002; Marana et al. 
2003; Haq et al, 2004; Ruzic et al, 2005, Haleem et al, 2007 & 2008; Kumar et al, 
2008; Keus et al, 2009). 
The earliest consequence of a surgical incision is the rise in the circulating level of 
Cortisol and other neurotransmitters (Wilmore et al, 1977 & 1980; Dubois et al, 1982). 
The circulating neurotransmitters remain high at two to five times for approximately 
24 hours after major surgery (Watters et al, 1990; Marana et al, 1996). Initially the 
simultaneous secretion of the peptides as P-endorphin and adreno-corticotrophic 
hormone (ACTH) from the pituitary in response to acute stress was described in the 
rat (Guillemin and colleagues, 1977) and later on, nor-epinephrine hormone was 
considered as an important neurotransmitter in man (Silverberg et al, 1978). 
Silverberg et al (1978) confirmed that onset of surgery is associated with prompt 
increase in plasma concentrations of noradrenaline & adrenaline and that this 
sympatho -adrenal activation persists into the post-operative (post-op) period. Since 
then, an increase in circulating catecholamine and Cortisol has been described in a 
variety of clinical conditions during anaesthesia and surgery including biliary tract 
surgery. 
Biochemical markers such as ACTH, catecholamine, Cortisol, glucagon, etc., all play 
crucial roles in the mediation of acute stress response. Catecholamines, Cortisol and 
glucagon are released in high concentrations while insulin secretion decreases in 
response to trauma and sepsis. These changes are, in general, proportionate to the 
severity of the trauma and sepsis. 
Recently alterations have been found to occur in every component of immune 
response during anaesthesia and surgery in a fashion parallel to the neurohumoral 
responses. These alterations represent the body's general physiological responses and 
are mainly dependent on the extent of surgery; however, other factors such as the 
patient's age, health status, medications, blood transfusion, etc. do play an important 
role in modulation of the acute stress response. Anaesthetic and operative 
complications have profound effects on these responses (Salo, 1992). 
Upper abdominal surgery is usually associated with greater stress response as 
compared to the lower abdominal surgery that may prove more detrimental to the 
patient in terms of the systemic cardiovascular effects. In particular, tractions and 
manipulations during biliary tract surgery may lead to lethal consequences due to 
relative or absolute increase in sympathetic tone during cholecystectomy (Katz et al, 
1970; Giesecke et al, 1988; Desborough, 1989; Haleem et al, 1991). Cardiovascular 
effects may include tachycardia, hypertension, dysrrhythmias, ventricular ectopics, 
angina or myocardial infarction & even pulmonary oedema during the intra-operative 
(intra-op) period and are important causes of the post-op morbidity & mortality. The 
pathway of above-mentioned phenomenon may either be: (a) through fifth thoracic 
segment of spinal cord, a common source of sympathetic supply to heart and 
gallbladder via cardiac plexus & celiac plexus respectively, (b) possibly mediated 
through reflex stimulation of adrenal gland via celiac plexus that get stimulated by 
surgical manipulations (Mendelssohn and Monheit, 1956; McGregor and DuPlessis, 
1969; Warwick and Williams, 1973; Orloff, 1981). 
Therefore, a change in anaesthetic and surgical technique is often made by 
experimental and clinical investigators in order to obtund the diverse hormonal 
metabolic changes to minimize peri-operative morbidity and mortality but resultant 
data have not been found consistently reproducible with respect to the desired 
modulation of the systemic stress response. Henrik Kehlet (1982) used extensive 
epidural (up to T 4) anaesthesia to modify the surgery-induced adrenocortical 
responses, but he observed that the adrenocortical response could not be abolished 
completely during the upper abdominal surgery. Others have tried attenuation of 
stress response by intercostal and paravertebral blocks but with partial success. 
However, regional anaesthesia was recorded highly effective for attenuation of the 
surgical stress during pelvic and lower limb surgery. Modifications in general 
anaesthesia technique are often found not fruitful in this regard and even high dose 
opiates are not found fully efficient in early post-op period to attenuate the surgical 
stress (Klingstedt et al, 1987). 
In addition to the hormonal metabolic response, a series of acute-phase reactants have 
been discovered during the surgical stress and has been extensively studied in recent 
years (Haq et al, 2004). Cytokines released from the injured and recruited cells are 
central to produce circulating factors including acute phase proteins for regulation of 
the immuno-inflammatory responses associated with trauma and infection. 
Basically, the immune response to anaesthesia and surgery is a beneficial reaction, 
needed in local'host defences and wound healing and in preventing the body from 
making auto-antibodies against its own tissues. These responses may contribute to the 
development of post-op infections and spread of malignant disease. During 
uncomplicated conventional surgery, the immune response usually passes clinically 
unnoticed without any harmful effects. Absent responses and excessively high 
responses, on the other hand, harm the patient (Salo, 1992). 
Therefore in an attempt to attenuate the harmful effect of stress response to surgery 
the surgeons tried to evolve a technique which will do surgical resection without 
much intervention and tissue damage, thereby leading to the evolution of minimal 
access surgery into clinical practice. Initially attenuated neuroendocrine stress 
response after minimally invasive surgery was observed in pigs (Mansour et al, 1992). 
Later on, it was pointed out that the laparoscopic approach reduces the endocrine 
response to elective cholecystectomy (Schauer and Sirinek, 1995). The effect of 
gasless mechanical and conventional carbon dioxide pneumoperitoneum methods for 
laparoscopic cholecystectomy was also studied (Koivusalo et al, 1998). An attenuated 
acute phase response by minimal access surgery for cholelithiasis was observed by a 
number of workers (Glaser et al, 1995; Bruce and Smith, 1999). Comparative 
evaluation of the various stress mediators in patients undergoing laparoscopic versus 
conventional cholecystectomy were extensively carried out in the recent past 
(Chaudhary et al, 1999; Sendt et al, 1999 Emirer et al, 2000; Demirer et al., 2000). 
Local inflammatory peritoneal response to operative trauma in terms of certain 
cellular adhesion molecules (CAMs), different cell activity and cytokine release, etc., 
received focussed attention in the recent years. 
Strenuous efforts have been made to compare post-op pain, pulmonary function, 
return of bowel function, energy metabolism, the resting energy expenditure (REE), 
etc., following open and laparoscopic cholecystectomy (Hendolin et al, 2000; 
Wilmore, 2002; Luo et al, 2003). 
However, endoscopic surgery, mostly studied during laparoscopy, when compared 
with similar open operation, has, against all expectations, no important effects on 
classic endocrine metabolic responses but may slightly reduce inflammatory 
responses and various immune functions, although the data are not consistent (Kehlet, 
1999). 
Thus, in view of variable reports on hormonal, metabolic and immune responses 
following surgery, the present study entitled "A prospective biochemical study of 
systemic stress responses during cholecystectomy & abdominal hysterectomy" was 
planned and prospectively conducted, as the cholecystectomy and hysterectomy are 
the two most commonly performed procedures in our institution. 
The current study measured and compared the magnitude of peri-operative stress in 
terms of six known stress biomarkers (Glucose, Cortisol, epinephrine, norepinephrine, 
C-reactive protein and Tumor Necrosis Factor- alpha) in patients who underwent 
biliary surgery (laparoscopic cholecystectomy(LC) and conventional cholecystectomy 
(OC) and non-biliary lower abdominal surgery (open abdominal hysterectomy (OH). 
The study design also included assessment of the haemodynamic response in terms of 
heart rate (HR), systolic blood pressure (S.B.P.), diastolic blood pressure (D.B.P.) and 
mean arterial pressure (M.A.P.). Power of analysis warranted inclusion of 21 patients 
in each of the three study groups to have a 95 % confidence interval of difference 
(C.I.D.) with significance of p-value at 0.05. 
Study protocol was approved by the Board of Studies (BOS) and Committee for 
Advanced Scientific Research (CASR) of our University. 
Patients with symptomatic uncomplicated cholelithiasis fit for procedure were 
considered for cholecystectomy. Patients with acute cholecystitis, pancreatitis, 
choledocholithiasis, malignancy and jaundice, as well as patients with history of 
allergy, steroid intake, cytotoxic chemotherapy or hypoproteinaemia were excluded 
from the present study. Pregnant or lactating females who underwent cholecystectomy 
were not included in the study. Patients incurring intra-operative adjacent organ/ 
structure injury or developing post-operative complications or requiring blood 
transfusion were also excluded from the study. 
Open abdominal hysterectomy group considered only those patients who underwent 
total hysterectomy by open abdominal approach for benign uterine diseases. Patients 
with pan-hysterectomy done for carcinoma cervix, uterine malignancy, or patients on 
C3^otoxic drug were excluded from the present study. 
The patients were consented and discussed for specific procedures before surgery in 
the present prospective randomized study. Option of the surgical technique 
(laparoscopic or open) for cholecystectomy depended on many factors as existing 
financial circumstances of the patients (LC is 40% more expensive than open 
procedure (Barkun et al, 1995), patients' preference for specific general surgeon who 
lack suitable expertise in laparoscopic technique, lack of facilities de novo/ absence 
or malfunctioning of existing gazette as our institution is a government hospital, 
equipment failure do occurs in the form of lack of CO2 cylinder supply or broken 
endoscopic instrument, patients' insistence: patient's phobia of complications after 
laparoscopic cholecystectomy based on bad experience of his/ her kith & kin or 
laparoscopic surgeon were not available. These who were found fit for laparoscopic 
cholecystectomy on the pre-operative (pre-op) assessment were recruited for open 
cholecystectomy on the basis of non-medical reasons enumerated above. 
Thus the open cholecystectomy group in the present study was a suitable control 
group for the laparoscopic cholecystectomy group in terms of the internal visceral 
tissue dissection. 
In every patient, five blood samples (Pre-operative, V-i hour after start of surgery, end 
of surgery, post-operative days 1 & 4) were timely collected and analysed for the 
estimation of the serum concentrations of glucose, Cortisol, epinephrine, 
norepinephrine, C-reactive protein and Tumor Necrosis Factor- alpha. All the same, 
haemodynamic clinical parameters were also religiously recorded at same five time 
points. It was thought prudent after-wise to calculate and analyse the rate-pressure 
product (RPP), a major determinant of myocardial oxygen consumption, as pa part of 
haemodynamic assessment although this was not included in the original study 
design. 
Therefore, the present study included a total of 63 female patients who were 
underwent cholecystectomy (open and laparoscopic) and open abdominal 
hysterectomy in the Jawaharlal Nehru Medical College Hospital, A. M. U, Aligarh 
(UP), India, and the study was completed over a period of 4 years from October 2004 
to September 2008. All patients were operated upon under identical circumstances 
including anaesthetic-analgesic protocol and fluid regime (intraoperative as well as 
perioperative) after fully informed written consent. 
The biochemical and clinical data were analyzed with standard computer software 
(SPSS version 17.0). Intra-group and inter-group comparisons were done by paired 
sample statistics and independent sample T tests respectively and comparison among 
the three groups was carried out with the help of ANOVA/ Bonferroni test. The p-
value less than 0.05 was considered for the two-tailed significance. Correlation 
between two set of data were analysed with Pearson correlation and values between 
+0.7 to +1.0 were considered as strong positive associations. 
I. Demographic Profile 
The baseline characteristics of all patients were compared in term of age, weight, 
height, body mass index (BMI) duration of surgery and duration of anaesthesia and 
ASA grading. 
1. Age 
The Mean age ±SEM (Range) of the patients in the present study was 31.2±1.0 (18-
42), 33.1±1.1 (22-50) and 44.9±1.1 (35-55) years in the LC, OC and OH groups 
respectively (Table4-1). The age of the patients was comparable between both LC and 
OC groups (p>0.05), however, it differed significantly between LC vs. OH group and 
OC vs. OH group. 
In developing countries like India, a sort of Western style epidemic of cholelithiasis is 
being increasingly observed and majority of these patients are in their 30s. This 
phenomenon is also seen in the present study. Ortega et al (1996) also reported almost 
similar age (Mean±SEM) of 34±2 and 33±3 years for LC and OC groups respectively. 
However, some other studies have reported higher age of patients undergoing 
cholecystectomy (Martin et al, 1992; Jatzko et al, 1995; Helmy et al, 1999; Hendolin 
et al, 2000; Sheen-Chen et al, 2002; Luo et al, 2003). 
The age of the patients (Mean ±SEM) in the open abdominal hysterectomy (OH) 
group of the present study was expectedly higher than the age of patients undergoing 
cholecystectomy (p<0.001) as hysterectomy is usually mdicated for benign diseases in 
majority of patients beyond the reproductive age or in the peri-menopausal age. 
Moore et al (1994) reported patients' age (Mean and Range) of 41.9 (36-45) and 43.3 
(39-47) years for GA group (General Anaesthesia) and EDB group (GA + Extra-Dural 
Block) for total abdominal hysterectomy for benign disease. This is in full agreement 
with the finding of the present study (45±1.10 years; range 35 - 55). 
Age Range: 18-42 years in the LC group; 22-50 years in the OC group; 35-55 years 
in the OH group. Martin et al (1992), Westerband et al (1992) and Joris et al (1993) 
reported an age range of 18 - 91 years, 22 - 82 years and 20 - 69 years respectively 
for patients undergoing laparoscopic cholecystectomy. 
2. Sex 
All patients in the present study belonged to the female sex not only in the open 
abdominal hysterectomy group but also in the laparoscopic and open cholecystectomy 
groups, eliminating the gender bias in the present study, especially with respect to 
comparison between uterine surgery (hysterectomy) and biliary surgery 
(cholecystectomy). Furthermore, this also eliminates the recently recognized 
differences in the stress responses between males and females. 
All of them were neither pregnant nor lactating at the time of cholecystectomy in both 
laparoscopic and open groups. None of them was menstruating at the time of 
operation. 
3. Weight 
Patients' weight (Mean ±SEM) was 45.0±1.0 kg in LC group (range 40-56), 46.5±1.1 
kg in OC group (range 40-60) and 52.3 ±1.3 kg in OH group (range 43-62). 
The weight was found comparable between LC and OC groups (p>0.05) while it was 
found significantly different between LC vs. OH group (p<0.001) and OC vs. OH 
group (p<0.05) 
4. Height 
Patients in LC, OC and OH groups had the Mean height ±SEM (range) of 155.4±1.0 
(150-162), 155.8±0.8 (150-163) and 156.7±0.7 (152-164) cms respectively. 
The height was found comparable between LC vs. OC groups and LC vs. OH groups 
but significant difference was noted between OC vs. OH groups on t-test analysis. 
However ANOVA and Bonferroni tests verified that there was statistically no 
significant difference among the three groups - p=0.792 between LC vs. OH, p=1.0 
between LC vs. OC and p=1.0 between OC vs. OH. 
5. Body Mass Index (BMI) 
All patients in the present study had normal weight as per the WHO criteria (<25 
Kg.m"^) and BMI was found 18.60, 19.12 and 21.26 in the LC, OC and OH groups 
respectively. Overweight/ obese patients were not included in the present study. The 
BMI was comparable between LC and OC groups (p<0.05). However, it differed 
significantly between LC vs. OH groups and OC vs. OH groups (p<0.001). 
In 1993, Joris and associates from Belgium reported patients' mean weight of 66.8 kg 
and mean height of 1.65 meter for patients undergoing lap chole, resulting in the BMI 
of 24.5, that is, less than 25 Kg.m" ,^ the normal BMI as per the WHO criteria. This is 
in full agreemerit with our own finding. 
Chambrier and associates (1996) reported BMI (Mean±SEM) of 23.1 ±1.3 and 
24.3±1.2 in two groups (Placebo & Ibuprofen) of patients who underwent open 
cholecystectomy at Lyon, France, that is, their patients' BMI was <25 Kg.m"^ as was 
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seen in the present study. Recently Luo et al (2003) also reported from China a BMI 
of 24.8 and 23.5 Kg.m"^ in LC and OC groups respectively with insignificant 
intergroup difference (p>0.05). 
However, in recent past, some investigators reported BMI for patients undergoing 
cholecystectomy a little higher than that recorded in the present study (Martin et al. 
1992; Rademaker et al, 1992; Hendolin et al, 2000). Glaser et al (1995) reported a 
BMI of 26.7 and 25.8 Kg.m"'^  in LC and OC groups respectively with insignificant 
intergroup difference (p>0.05). 
Thus, We find that mean age and BMI of the patients in the present study do not 
conform to the usual notion as described by Rains and Ritchie (1982) who reported 
gallstones in only 20 % of women during child-bearing age and in fatty females. This 
is in agreement with the study of Ortega et al (1996) and suggests a definite change in 
the incidence of cholelithiasis with respect to not only to the age but also the body 
mass index. 
The present study recorded following changes in the hormonal, metabolic, acute-
phase reactant and immunological markers during the acute stress state following 
surgery in the three study groups (LC, OC & OH). 
II. Metabolic Responses 
In term of serum glucose, an accelerated metabolic response was noted during peri-
operative period in the three groups. In LC group, the pre-op blood glucose value 
(96.71 mg/dl) increased to 154.86 mg/dl (60.13 %T) after half an hour after start of 
surgery and 156.29 mg/dl (61.61 %t) at end of surgery which was highly significant 
(p<0.001). However, in the post-op period on 1^ ' and 4'*^  post-op days, glucose 
concentrations were recorded 98.57± 1.92 mg/dl (1.92 %\) and 97.62± 2.229 mg/dl 
(0.94 %t) respectively, and both these values were not significantly different from the 
pre-op value (p=0.448 & p=0.623 respectively). 
In OC group, pre-op value of blood glucose (96.38± 2.1903mg/dl) level increased to 
144.05±0 3.22 mg/dl (49.46% t) at half-an-hour after start of surgery andl48.62±2.87 
mg/dl (54.20% .f) at the end of surgery, and the increase in both these values proved 
significant (p<0.001). On 1^ ' and 4'*' post-op days, glucose concentrations were 
recorded 124.38± 1.01 mg/dl (29.05 %t) andl04.90±2.03mg/dl (8.84 %t) 
respectively, and both these values were significantly higher than the pre-op baseline 
value (p<0.001). 
In OH group, pre-op baseline value of blood glucose (96.4286± 2.30mg/dl) increased 
to 138.143± 1.39 mg/dl (43.26 % f) at half-an-hour after start of surgery and 
149.71±1.74 mg/dl (55.25% t) at the end of surgery, these observed values were 
statistically significant (p<0.001). On 1"' and 4* post-op days, glucose concentrations 
were recorded 1-21.952±1.717 mg/dl (26.27 % t) and 108.1429± 1.63mg/dl (12.14% 
t) respectively, and these values were significantly higher than the pre-op baseline 
value. Thus in the open cholecystectomy and open hysterectomy groups, the blood 
glucose level did not return to the baseline pre-op value even on the 4"^  post-operative 
day. 
Comparable baseline pre-op blood glucose levels in the laparoscopic and open 
cholecystectomy & open hysterectomy groups was evident by ANOVA/ Bonferroni 
test (p= 0.995), indicating that the three groups are really comparable in terms of the 
metabolic response. 
The changes following surgery were statistically significant (p<0.001) from each 
other at half-an-hour after start of surgery between laparoscopic cholecystectomy and 
open abdominal hysterectomy, although they were insignificant (p=0.263) between 
open cholecystectomy and open hysterectomy. 
At completion of surgery, comparable rise in blood glucose level was noted between 
laparoscopic cholecystectomy and open hysterectomy (p=0.131) as well as between 
open cholecystectomy and open hysterectomy (p=0.935). Multiple comparisons by 
Bonferroni test verified the changes in laparoscopic cholecystectomy and open 
hysterectomy groups. 
In the present study, rapid accelerated metabolic response with high plateau during 
intra-operative period in LC group points towards additional strain of 
pneumoperitoneum with peritoneal stretching as also emphasized by Rademaker et al 
(1994). This is indirectly supported by the early normalization of glycemic response 
on the very 1^'postop day. 
10 
% ^ ^ ^ 
Thus, in the light of earUer reports (Engquist et al,1977; Tsuji et al, 1983 and Moore 
et al, 1994) on the inhibitory effect of epidural block on surgery-induced 
hyperglycaemic response, direct nervous system stimulation secondary to intra-
abdominal visceral traction and stretching during open surgery appears to be an 
obvious plausible cause for enhanced secretion of Cortisol and catecholamines which 
is known to facilitate glucose production and which is recorded high in the present 
study and hence the intra-operative hyperglycaemic response in the open groups is 
seen in the present study. Increased myocardial oxygen consumption after surgery 
may be another explanation for extended metabolic responses following open surgery. 
This is in accordance with our own observation of increased myocardial oxygen 
consumption as > 20 % increase in rate-pressure product (RPP) during open 
cholecystectomy and 14 % following open abdominal hysterectomy recorded in the 
present study. The adverse influence of wound pain on respiration with resultant 
hypoxaemia cannot be ignored as it is known to produce heightened glycemic 
response (Chumillas et al, 1998; Ali and Gana, 1998; and Larsen et al, 2002) and it 
has more pronounced and long-lasting impact on patients' convalescence in open 
cholecystectomy than in laparoscopic surgery. This may be the reason why the 
intergroup difference in the glycemic response was found significant (<0.001) on the 
1^ ' and 4"^  post-op day between both the lap and open groups and insignificant (>0.05) 
between the two open groups (OC vs. OH). 
III. Hormonal Responses 
1. Cortisol response 
Significantly altered stress responses were also evident in the expression of Serum 
Cortisol. In LC group, pre-op level (423.00±25.96 nmol/L) increased to 
589.33±24.62 nmol/L (39.32% T) at half-an-hour after start of surgery, and 
710.86±30.14 nmol/L (68.05 % t) at the end of surgery (p<0.001). On post-op day 1, 
Cortisol level was recorded 439.48±22.76 nmol/L (3.90 %t; p=0.573) and on post-op 
day 4, it was recorded 311.24± 58.51 nmol/L (26.42 % i; p=0.001). 
However, in OC group, pre-op Cortisol level (341.476+20.86) increased significantly 
by 84.48 % and 128 % (p<0.001) at half-an-hour after start of surgery and at the end 
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of open surgery respectively. The high Cortisol levels persisted on the 1^ ' post-op day 
(74.42 %T) and 4* post-op day (44.47 % T) (p<0.001). 
In OH group, the baseline value of serum Cortisol (325.3810± 12.295Inmol/litre) 
increased to 102.16 % and 184 % at half an hour after start of surgery and at end of 
surgery respectively. In the postop period the level was still raised to 92.77 % and 
67.305 % above the baseline at 1^ ' and 4'*' post-op day, in a fashion similar to open 
cholecystectomy. Bonferroni test for multiple comparisons among groups was 
significant at the end of surgery and in the postop days 1 & 4. The p values were 
found <0.05 between LC vs. OH groups and <0.001 between OC vs. OH groups at the 
end of surgery. 
On the first postop day, the values were significantly different between LC vs. OC 
groups (p<0.05) and LC vs. OH groups (p<0.001), but the intergroup difference was 
insignificant between OC and OH groups (p=1.00). On 4"^  post-op day, the intergroup 
differences again proved significant between LC vs. OC groups and LC vs. OH 
groups (p<0.001), and insignificant between OC and OH groups (p>0.05). 
The short-lived accelerated Cortisol response during the intra-operative period in the 
LC group with rapid normalization to the pre-op level on the very 1^ ' post-op day is in 
full agreement with the observations of other investigators (Joris et al, 1992; Mealy et 
al, 1992; Redmond et al, 1994, Ortega et al, 1996; Aono et al, 1998; Hendolin et al, 
2000; Mendoza-Sagaon et al, 2000; Crema et al, 2005). 
The peritoneal stretching during lapar6scopy seems to be the important contributory 
factor for accentuated hormonal (and metabolic) response with stimuli for the stress 
response arising from visceral and peritoneal afferent nerve fibres in addition to those 
from the abdominal wall as emphasized by Rademaker and colleagues (1994a), 
Desborough (2000) and Adhikary & Korula (2004). 
2. Catecholamine Response 
In response to surgical stress, the levels of Catecholamines (epinephrine and 
norepinephrine) altered markedly in all the three groups. Percentage increase in pre-
op serum epinephrine level at half an hour after incision was 85.47 % (LC group), 
141.44 % (OC group) and 102.70 % (OH group). At the end of surgery serum 
epinephrine concentrations increased by 189 %, 258 % and 251 % in the LC, OC 
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and OH groups respectively. However, the differences among groups on application 
of Bonferroni test were not significant from each other during intraoperative period, 
including half an hour after incision and end of surgery (p>0.05). 
The accelerated" serum epinephrine responses continued in the post-op period in both 
the conventional groups (open cholecystectomy and open hysterectomy) and 
epinephrine level returned towards pre-op levels in the laparoscopic group (28%, 173 
%, and 164 % increase above the pre-op level in LC, OC and OH groups respectively; 
p<0.001). On 4"^  post-op day, epinephrine responses were comparable between both 
the conventional groups (p>0.05) but differed significantly between LC and OC 
groups, which was confirmed by ANOVA/ Bonferroni test. 
In the LC group of the present study, there was slow intraoperative rise in epinephrine 
concentration with peaking at the end of surgery (approximately 3-fold increase) and 
then it decreased markedly on the 1^' post-op day though still different statistically 
from the pre-op value (<0.05). This observation is in full agreement with the 
observations of Ratge et al (1990), Anand and Hickey (1992), Glaser et al, (1995) and 
Ortega etal (1996). 
Thus, LC was associated with marked intra-operative systemic stress response which 
was continued in the post-operative period until 1^ ' post-op day. On 4"^  post-op day in 
the LC group, the epinephrine concentration decreased further and was recorded 17 % 
lower than the pre-op value, indicating presence of pre-op stress in these patients most 
probably secondary to the procedure-related anxiety and apprehension, mainly in 
relation to newer technology as seen also in relation to the Cortisol response in the 
present study. In other words, pre-op concentration is often not reflective normal basal 
value of the catecholamines, and this observation should be kept in while interpreting 
the data. 
Norepinephrine (NE) levels augmented considerably at half an hour after and at the 
end of surgery. The changes follow the similar pattern as epinephrine. NE level 
increased by 116% (LC), 108 % (OC) and 88% (OH) at the end of surgery. 
Intergroup differences were not statistically significant (p>0.05) from each other 
during intra-operative period (ANOVA significance =0.211 and 0.120, at half hour 
after incision and end of surgery respectively). However, at the first post-op day 
significant differences were noted among the three groups (p < 0.001). ANOVA/ 
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Bonferroni test revealed that the changes were significant between LC vs. OC groups 
and LC vs. OH groups, but insignificant (p>0.05) between OC and OH groups. 
However, at 4"^  postop day norepinephrine responses became similar among groups. 
The changes in hormonal markers were more intense in hypertensive patients as 
compared to normotensive ones (p<0.05). 
The degree of association between the two biomarkers (epinephrine and 
norepinephrine) was found strongly positive on application of Pearson correlation (LC 
group Pearson correlation=0.995 and p<0.001; OC group Pearson correlation=0.979 
and p=0.004 and OH group Pearson correlation-0.982 and p=0.003). 
IV. Acute-Phase Reactant Response 
Present study recorded altered expression of C-reactive protein (CRP) following 
surgical intervention. CRP level did not increase in serum from the baseline value half 
an after start of surgery (p=0.081) in LC and OC groups, while increased markedly 
(p<0.001) in hysterectomy group. 
Significant increase in CRP concentration was noted at the end of surgery as well as 
post-operative period till day 4* (p value < 0.001).The inter-group difference was not 
significant among groups till end of surgery (p value > 0.05). 
In all the groups, the increased serum CRP concentration reached the maximum level 
at 24-48 hours after surgery and started declining gradually from 4* day of surgery. 
However, significant difference between laparoscopic cholecystectomy and open 
hysterectomy was noted at 1^ ' postop day (p<0.001). 
The degree of CRP enhancement was noted >6 folds after open surgery, and > 3 folds 
following laparoscopic surgery. 
V. Immunological Response 
TNF expression in the LC group did not change till 1 ^ ' post-op day and its expression 
doubled on the 4"^  post-op day but this was found statistically insignificant (p>0.05). 
This observation of the delayed insignificant TNF-alpha expression in the late post-op 
period confirms the opinion that laparoscopic intervention preserves the peri-
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operative immune responses as has also been reported recently by a number of 
investigators (Redmond et al, 1994; AUendorf et al, 1996; Berguer et al, 1998; Walker 
et al, 1999; Siestses et al, 2000; Sheen-Chen et al, 2002). 
In the OC group, TNF-alpha concentrations did not increase in the intra-operative 
period. TNF was expressed many folds on the l" & 4* post-op days but these 
expressions were statistically insignificant (p>0.05). 
On the 4"^  post-op day, one out Of 21 patients developed excessively high TNF 
enhancement as compared to other patients in this group but this did not alter the 
results of the group, validating the adequacy of the group sample size calculated by 
the power of analysis. 
In the OH group, TNF-alpha concentrations did not increase at all in the intra-
operative period. Significant enhancement of TNF-alpha expressions (p<0.001) was 
seen on the 1^ ' post-op day which increased further on the 4' post-op day (p<0.001). 
In both the LC and OC groups, TNF expression showed a characteristic pattern of 
delayed insignificant rise in the late post-op period and the intergroup difference was 
also found insignificant (p>0.05), indicating similar degrees of immune preservation 
following open-cholecystectomy in patients fit for laparoscopic cholecystectomy as 
well as following laparoscopic cholecystectomy. This means that internal visceral 
tissue dissectional trauma really determines the immunologic modulations and 
difference in the amount of the parietal tissue dissectional injury (2 cms in LC and 6-9 
cms in OC) does not really matters as far as immune function is concerned. 
It is of interest-to note that highly significant post-operative enhancement of TNF-
alpha expressions in the OH group (p<0.001) does not differ from the insignificant 
post-op TNF expressions in LC & OC groups (p>0.05) on statistical analysis by 
ANOVA/ Bonferroni test. This is difficult to explain and may need better 
computational measures or larger sample size to fully elucidate the difference. 
Attempt was made to correlate the expressions of TNF-alpha and CRP but the 
significant increases in CRP level following surgery were not correlated with the 
TNF-a expressions following surgery in the LC group on application of bivariate 
correlation by Pearson test (r=0.279; p> 0.05). 
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However, there was found strong correlation associations in TNF and CRP 
expressions in the both the OC and OH groups (r= 0.765 and r=0.821 respectively) 
but these correlations were found statistically insignificant (p>0.05) in both the open 
groups. This emphasizes the point that sometimes Pearson correlation significance 
and p-value significance may differ and caution is required while interpreting the 
data. 
Parallel changes in the acute-phase reactant and immune responses in the two open 
groups secondary to a certain amount of the surgical trauma. This support the opinion 
of Ohzato et al (1992) that TNF-alpha is a possible hepatocyte-stimulating factor 
(HSF) for inducing production of acute-phase proteins by the hepatocytes. They 
reported that ACRP was closely correlated (r = 0.623, p<0.001) with A Cytokine (IL-
6) in patients who underwent upper abdominal open surgery including 
cholecystectomy (n=3). 
VI. Haemodynamic Responses 
Heart Rate (HR), Systolic Blood Pressure (SBP), Diastolic blood Pressure (DBP) and 
Mean Arterial Pressure (MAP) were noted following every procedure and analysed in 
three groups/subgroups separately including normotensives and treated hypertensives. 
1. Heart Rate 
All the three groups showed almost similar pattern of significant tachycardia -
throughout the whole procedure in LC as well as OC group, and only in the later part 
of the procedure in the OH group. This may simply imply that the reflex stimulation 
of suprarenal nerve plexuses via the celiac ganglion may produce adrenal bursts and 
overall sympathetic over activity. Fifth thoracic segment of the spinal cord is a 
common source of sympathetic supply to the heart through cardiac plexuses 
(Warwick and Williams, 1973) and to the biliary tract through celiac plexus (Warwick 
and Williams, 1973; McGregor and Du-Plessis, 1969; Orloff, 1981). Warwick and 
Williams (1973) emphasized that the higher branches of the greater splanchnic nerves 
may be traced upwards in the sympathetic trunk as far as second or even first thoracic 
ganglia. Hence, stretch or distension sensations of the biliary tract, transmitted 
through visceral sensory fibres of the splanchnic nerves, may lead to relative or 
16 
absolute increase in the sympathetic tone, causing tachycardia, hypertension and even 
tachyarrhythmias (Orloff, 1981; Katz and Bigger, 1970). 
The present intraoperative observations in the biliary surgery (both open and lap) are 
in full agreement with those of Mendelsohn and Monheit (1956), Desborough et al 
(1989) and Haleem et al (1991). This indirectly also supports the observations in the 
open hysterectomy group in the light of the anatomical distribution of sympathetic 
nerve supply. 
In the post-operative period, all the three groups exhibited not only normalization but 
also decrease of the heart rate lower than the pre-operative level - the decrease being 
statistically significant (p<0.05) only in LC group and insignificant (>0.05) in OC & 
OH groups. 
The most probable explanation for this observation may be that the patients were 
already under significant degree of stress even before induction of anaesthesia and 
surgery due to marked pre-operative anxiety and apprehension, mainly in relation to 
newer technology as has already been discussed in detail under the heads of Cortisol 
and epinephrine. However, it appears prudent to again highlight the two important 
things- one, the need of thorough pre-operative counselling for anxiolysis, and 
second, the need of sampling at the time of PAC (Pre-Anaesthetic Check up) for 
baseline values or at least at the time of admission a day before operation. Sampling at 
the time of admission to the hospital may again be a cause for concern with respect to 
the fast evolving Day Case Surgery or Fast Track Surgery. 
2. Arterial Blood Pressures 
In the LC group of the present study, all variables of arterial serum pressure 
(Systolic, diastolic and mean) changed in a manner similar to HR and showed 
significant intra-operative increase with rapid peak effect at half-an-hour after 
incision, and significant post-operative decrease which was found lower that the pre-
operative level even on the 4' day (p<0.05). 
Similar to the current study, accelerated cardiovascular changes during laparoscopic 
surgery were reported by a number of clinical and experimental investigators 
(Johannsen et al, 1989; Torrielli et al, 1990; Westerband et al, 1992; Rademaker et al, 
1994; Dorsay etal, 1995; Bannenberg et al, 1997; Branche et al, 1998). 
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In the OC group, all variables of arterial serum pressure (Systolic, diastolic and 
mean) were increased significantly during intra-operative period with minor 
differences at half-an-hour and end of surgery, and all of them returned to near or 
even below the pre-operative level on the very 1^ ' postop day. 
These observations are at a little variance to those seen in the LC group where rapid 
peaking effect at half-an-hour was noted in all variables of arterial serum pressure 
(Systolic, diastolic and mean). 
This implies that both open and lap chole procedures are equally stressful with similar 
intra-cavitatory management with only one difference at half-an-hour of incision and 
that is the additional mechanical effect of the pneumoperitoneum during lap chole 
which was not found to be additive in the subsequent part of the procedure. 
In the OH group, there were significant intra-operative increases in all variables of 
arterial serum pressure (Systolic, diastolic and mean) which were followed by 
normalization on the very 1^ ' post-operative day. However, it is interesting to note that 
systolic and mean arterial serum pressure achieved peak at half-an-hour after incision 
while heart rate and RPP showed peaking effect at the end of the surgery. 
Comparison among LC, OC & OH groups: The time course pattern was found 
similar in systolic, diastolic and mean arterial serum pressures among the three 
groups. However, arterial blood pressure in all denominations was more pronounced 
in the intra-operative phase of the laparoscopic cholecystectomy in the present study. 
The possible mechanisms responsible for this accentuation phenomenon during 
laparoscopic cholecystectomy include mechanical compression & stretching effects of 
pressure pneumoperitoneum and release of humoral substances secondary to the 
pneumoperitoneum and surgical tissue dissectional injury. Carbopneumoperitoneum-
induced hypercarbia was not considered as a plausible in the present study 
aetiological factor in the present study due to the religiously maintained ETCO2 level 
within a range of 32 to 35 mmHg. 
3. Rate-Pressure Product 
Rate Pressure Product (RPP), product of heart rate and systolic blood pressure, is a 
major determinant of myocardial oxygen consumption. 
It increased during intra-operative period in all the three groups and decreased 
markedly to lower than the pre-op value. In LC group (combined subgroups including 
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normotensives and hypertensive subgroups) during intraoperative period maximum 
increase in RPP value was noted at half an hour after start of surgery with rapid 
peaking (29.6 %t).These changes decHned to lower than the pre-op value (8.5-9.5 
%|) in the post-operative period. 
The OC (combined) group also revealed persistently high RPP (21 to 23 % increase) 
value in a lesser magnitude to LC, throughout the procedure and then post-operative 
normalization to the pre-op value (<3 % difference). However, OH (combined) group 
showed gradual intra-operative rise in RPP with a maximum of 14 % increase at the 
end of surgery and then post-op decrease to lower than the pre-op value by 4 to 5.5 %. 
The present study noted greater intra-operative increase in RPP in hypertensive 
subgroup as compared to normotensive subgroup in all the three groups (LC, OC & 
OH). The maximum rise occurred at half an hour after incision and post-operative 
decrease to lower than the pre-op value by 4 to 9.5 %. 
The normotensive subgroup showed intra-operative increase in RPP in a similar 
manner to combined subgroup but to a lesser degree and post-operative decrease to 
lower than the pre-op value by 8.6 to 9.5 % in LC group and complete normalization 
to the pre-op value in OC group. 
However, OH-normotensive subgroup showed minimal rise (<2 %) at half an hour 
after incision arid mild increase at the end of surgery (11 %) and then post-operative 
decrease to lower than the pre-op value by 7 %. 
Critical changes in RPP was observed which crossed the upper limit of RPP to the 
dangerously high level in the hypertensive patients undergoing laparoscopic 
cholecystectomy soon after start of surgery (half an hour), suggesting real high risk in 
these patients. 
However, intraoperative changes in RPP persisted to some extent (8 %) on post-op 
day 1 in hypertensive patients of LC group in absence of complication, and this 
indicates continued higher myocardial oxygen consumption even after 24 hours of 
surgery that is apparently correlated to the high pressure pneumoperitoneum. Thus 
insult associated with pneumoperitoneum cannot be under scored especially in high 
risk cardiopulmonary disease patients (Wittgen et al, 1991). 
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Presence of significant degree of pre-op mental stress related to surgery-induced 
anxiety and apprehension, especially with respect to the newer technology was 
evident with fall of RPP 4 to 9.5 % below the pre-op value on the 4''^  post-op day in 
all subgroups except OC group (normotensive). Thus role of pre-op anxiety in 
augmenting the surgical stress response cannot be ignored in the era of fast track 
surgery. 
Search of the available literature reveals that thrust on the measurements of metabolic 
hormonal changes and immune expressions has taken precedence over the 
measurements of basic clinical parameters of the cardio-vascular changes that are 
continuously monitored during any surgical procedure, more so during the 
laparoscopic procedure in developing countries with limited resources and limited 
public access to specialized centres. 
VII. Correlations Between Different Systemic Responses 
1. Correlations between Metabolic and Hormonal Responses 
In the present study, strong positive correlations (Pearson, r >0.7) were found between 
serum glucose and serum Cortisol concentrations and between the serum glucose and 
serum catecholamines (both epinephrine and norepinephrine) concentrations over the 
longitudinal course of the study in all the three groups. These findings of significant 
metabolic and hormonal correlations in the present study are in full agreement with 
the observations of Glaser et al (1995). 
2. Correlations among Hormonal Responses 
Strong positive correlations (Pearson, r > 0.7) were also observed between serum 
Cortisol and serum catecholamines (Both epinephrine and norepinephrine) and 
between serum epinephrine and serum norepinephrine concentrations in all the three 
groups (LC, OC and OH) throughout the peri-operative period, suggesting parallel 
increases in the two catecholamines in response to a certain degree of the surgical 
trauma in laparoscopic as well as open groups of the present study. 
3. Correlations between Haemodynamic and Hormonal Responses 
Serum epinephrine and norepinephrine concentrations showed different correlations 
with the haemodynamic parameters in the laparoscopic and open groups over the 
longitudinal course of the study. 
20 
In the LC group, strong positive correlations (Pearson, r > 0.7) were found between 
serum norepinephrine concentrations and haemodynamic parameters (Heart rate, 
arterial blood pressures (systolic, diastolic and mean) and rate-pressure product) but 
the correlations between serum epinephrine concentrations and haemodynamic 
parameters (Heart rate, arterial blood pressures (systolic, diastolic and mean) and rate-
pressure product) were found only weak positive (Pearson, r < 0.7). 
Significant intra-operative increases in the arterial blood pressures (Systolic, diastolic 
and mean) observed in the present study were accompanied by the significant intra-
operative increases in plasma epinephrine and norepinephrine concentrations in the 
present study. It is to be noted that intra-operative increase in arterial blood pressures 
and plasma concentrations were individually highly significant but the time course 
pattern was found different: peaking of the arterial blood pressures (Systolic, diastolic 
and mean) occurred at half-an-hour after incision while plasma catecholamines 
achieved peak at the end of surgery, suggesting interplay of additional factor(s). The 
most probable factors for maximal haemodynamic changes soon after creation of the 
pneumoperitoneum include pneumoperitoneum-induced compression of intra-
abdominal great vessels as emphasized by majority of investigators or direct 
sympathetic nervous system stimulation as emphasized by Katz and Bigger (1970), 
Orloff (1981) and Haleem et al (1991) or increased sympathetic tone resulting from 
reflex activity (Marshall et al, 1972)/ baro-reflexes (Greim et al, 2003) or vasopressin 
release secondary to peritoneal stretching/ stimulation and decreased venous return to 
the heart as emphasized by Lentschener et al (2001). 
In the OC group, the correlations of s-norepinephrine as well as s-epinephrine with 
almost all the haemodynamic parameters were found weak positive (Pearson, r= +0.3 
to +0.7) except in the case of epinephrine vs. systolic blood pressure where there was 
found no correlation at all (Pearson, r < 0.3). 
Therefore, the causal mechanisms for these changes may include peritoneal stretching 
and stimulations in open surgery causing vasopressin release as emphasized by 
Lentschener et al (2001), or direct stimulation of sympathetic nervous system as 
emphasized by Katz and Bigger (1970), Orloff (1981) and Haleem et al (1991), or 
increased sympathetic tone resulting from reflex activity (Marshall et al, 1972). 
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The present observations in the OH group is in partial agreement with that of Bickel 
et al (1991) who did not find any relevant correlation on linear regression analysis 
between catecholamines (epinephrine & norepinephrine) and haemodynamic changes 
even at a single time point during open cholecystectomy. 
In OH group, correlations of arterial serum pressure changes and plasma 
catecholamine changes were found variable with different clinical parameters in a 
fashion similar to those seen in the OC group, the open surgery group. Hence, role of 
other factors involved in the open surgery assumes importance for causation of 
equally significant alterations in arterial blood pressure and other haemodynamic 
parameters (McKenzie et al, 1980; Kelman et al, 1972, Motew et al, 1973). 
VIII. Correlations with Duration of Surgery 
1. Metabolic Response and Duration of surgery 
Correlations between the glucose response and the duration of surgery were found 
entirely different in the three groups - weak positive in LC group, strong negative in 
OC group and strong positive in the OH group, suggesting that the operating time has 
little or no significance with respect to the magnitude of the metabolic response under 
different techniques but the severity and the extent of the surgical tissue dissectional 
injury may play sole or bigger role for the degree of the surgical stress response as 
suggested by Kristiansson et al (1999). 
2. Hormonal Responses and Duration of surgery 
Cortisol's correlation with the duration of surgery followed the pattern in all the three 
groups exactly similar to the glucose's correlation to the duration of surgery, viz., 
weak positive in the LC group, weak negative in the OC group and strong positive in 
the OH group. In other words, correlations between the Cortisol response and the 
duration of surgery were also different in the two open groups. 
Strong positive correlations were observed between the duration of surgery and 
epinephrine response in the laparoscopic group and also in both the open groups (r > 
+0.7). 
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Correlations between the norepinephrine response and the duration of surgery was 
found only weak negative (r = -0.7 to -0.3) in the lap chole and open chole groups but 
strong positive correlation (r = +1.0) was detected in the open hysterectomy group. 
3. Acute-Phase Reactant Response and Duration of surgery 
All the three groups recorded strong positive correlations between the duration of 
surgery and CRP expressions (r > +0.7), suggestive of increasing inflammatory 
response with the increasing duration of surgery. However, Ohzato et al (1992) found 
no correlation between ACRP and duration of surgery (r = 0.307, NS) in patients who 
underwent upper abdominal open surgery including cholecystectomy (n=3). 
4. Immune Response and Duration of surgery 
Strong negative correlations were detected between TNF-alpha expression and 
duration of surgery not only in the LC group but also in the OH group. On the other 
hand, the OC group recorded no correlation between TNF-alpha expression and 
duration of surgery. 
Kristiansson et al (1999) did not find any correlation between cytokine expression and 
duration of surgery in LC as well as OC group. Ohzato et al (1992) reported close 
correlation between A Cytokine (IL-6) and duration of surgery (r = 0.497, p<0.01) in 
patients who underwent upper abdominal open surgery, including cholecystectomy 
(n=3). 
Our findings are in partial agreement with observations of Cruickshank et al (1990) 
who recorded positive correlation between duration of surgery and magnitude of 
cytokine expression (IL-6) in patients undergoing elective surgery of varying severity. 
These observations support the suggestion of Kristiansson and colleagues (1999) that 
the severity and the extent of the trauma (Surgical tissue dissectional trauma) are 
possibly more important than the operating XimQper se for the magnitude of surgical 
stress responses in terms of various mediators and biomarkers. This is becoming 
more evident in view of the fact that in recent times, the complex surgeries are 
increasingly carried out for hours together by both techniques - laparoscopic and open 
but without gross homeostatic disturbances and with favourable outcomes. However, 
their suggestion-, based on only cytokine expressions, of lap chole to be regarded as a 
minor surgical procedure appears untenable because it is the net result of the 
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multifactorial interactions of a battery of homeostatic factors, some understood 
appreciably and many others still less or even least understood especially under 
clinical circumstances, that will decide the magnitude of a surgical operation so that 
therapeutic modulations and interventions may lead to the improved quality of patient 
care as well as to achieve the favourable outcome not only satisfactory to the surgico-
anaesthetic team but also, more importantly in the current era of the expanding 
marketing forces, satisfactory to the increasingly aware patients. 
To conclude, the present study demonstrated specific changes in the six studied stress 
biomarkers including serum glucose, Cortisol, epinephrine, norepinephrine, CRP and 
TNF a levels as well as clinical monitored parameters following laparoscopic and 
open surgery. We found cholecystectomy and hysterectomy are stressful procedures 
which modify the stress response significantly, either performed through classical 
open method or laparoscopic technique. Following laparoscopic surgery, the stress 
hormonal responses were more pronounced during intraoperative period due to the 
additional mechanical effects of high pressure pneumoperitoneum although associated 
with earlier post-operative normalization and this procedure should be taken as 
seriously as any major surgery not only in the hypertensive patients but also in the 
normotensive patients. In the post-operative period, catabolic hormonal responses 
were more obvious and continued after open abdominal hysterectomy and open 
cholecystectomy. 
In nutshell, the present work does verify the rapidly evolving current evidence that the 
laparoscopic cholecystectomy is as stressful as the open surgery intraoperatively in 
terms of metabolic, hormonal and haemodynamic responses Furthermore, 
laparoscopic cholecystectomy patients experienced significant peri-operative immune 
preservation (Minimal TNF-alpha alterations in intra-and post-operative periods as 
compared to the open surgery groups) and much less acute-phase reactant expression 
(50 % CRP expression less than in open surgery groups). Thus, the present study 
confirms that the earlier normalization of the metabolic hormonal responses, lesser 
acute-phase reactant expressions and significant peri-operative immune preservation 
following laparoscopic cholecystectomy are possible major determinant factors that 
usually lead to the commonly observed distinct clinical efficacy of laparoscopic 
cholecystectomy. 
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Abstract 
Hormonal, metabolic and immunological responses are the hallmark of surgical stress. 
Catecholamines, Cortisol and glucose are important hormonal and metabolic 
biomarkers used to assess the extent of peri-operative stress responses. C-reactive 
proteins (CRP) and tumor necrosis factor-a (TNF-a) are specific proteins modulated 
by the acute stress of surgery. Injury to human body alters normal physiology across 
several systems, \^iiether these alterations are proportional to the extent of injury at 
the individual level is still an issue of research and discussion. 
Endocrine-metabolic response to surgery has been extensively studied since long 
albeit with varying results. 
The earliest consequence of a surgical incision is the rise in the circulating levels of 
Cortisol, noradrenaline & adrenaline which remain high at two to five times for 
approximately 24 hours after major surgery. ACTH, glucagon, etc., also play crucial 
roles in the mediation of acute stress response. Their changes are, in general, 
proportionate to the severity of the trauma and sepsis. 
Recently alterations have been found to occur in every component of immune 
response during anaesthesia and surgery in a fashion parallel to the neurohumoral 
responses. Furthermore, a series of acute-phase reactants have been discovered during 
the surgical stress and has been extensively studied in recent years. Cytokines 
released from the injured and recruited cells are central to produce circulating factors 
including acute phase proteins for regulation of the inmiimo-inflammatoiy responses 
associated with trauma and infection. Local inflammatory response to operative 
trauma in terms of certain cellular adhesion molecules (CAMs), different cell activity 
etc., received focussed attention in the recent times. 
These alterations represent the body's general physiological responses and are mainly 
dependent on the nature eind extent of surgery; however, other factors such £is the 
patient's age, health status, medications, blood transfusion, anaesthetic technique, 
sepsis, etc. do play an important role in modulation of the acute stress response. 
Anaesthetic and operative complications have profound effects on these responses. 
Therefore, in an attempt to attenuate the harmftil effect of stress response to 
surgery the surgeons tried to evolve a technique which will do surgical resection 
without much intervention and tissue damage, thereby leading to the evolution of 
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minimal access surgery into clinical practice. Comparative evaluation of the various 
stress mediators in patients undergoing laparoscopic versus conventional 
cholecystectomy were extensively carried out m the recent past but with varying 
results. 
However, endoscopic surgery, mostly studied during laparoscopy, when compared 
with similar open operation, has, against all expectations, no important effects on 
classic endocrine metabolic responses but may slightly reduce inflammatory 
responses and various immune functions, although the data are not consistent. 
Thus, in view of variable reports on hormonal, metabolic and immune 
responses following surgery, the present study entitled "A prospective biochemical 
study of systemic stress responses during chole<ystectomy & abdominal 
hysterectomy" was plarmed and prospectively conducted, as the cholecystectomy and 
hysterectomy are the two most commonly performed procedures in our institution. 
The current study measured and compared the magnitude of peri-operative 
stress in terms of six known stress biomaricers (Glucose, Cortisol, epinephrine, 
norepinephrine, C-reactive protein and Tumor Necrosis Factor- alpha) in patients who 
underwent biliary surgery (laparoscopic cholecystectomy(LC) and conventional 
cholecystectomy (OC) and non-biliary lower abdominal surgery (open abdominal 
hysterectomy (OH). The study design also included assessment of the haemodynamic 
response in terms of heart rate (HR), systolic blood pressure (S.B.P.), diastolic blood 
pressure (D.B.P.) and mean arterial pressure (M.A.P.). Power of analysis warranted 
inclusion of 21 patients in each of the three study groups to have a 95 % confidence 
interval of difference (C.I.D.) with significance of p-value at 0.05. 
Patients with symptomatic uncomplicated cholelithiasis fit for procedure were 
considered for cholecystectomy. Patients with acute cholecystitis, pancreatitis, 
choledocholithiasis, malignancy and jaundice, as well as patients with history of 
allergy, steroid intake, cytotoxic chemotherapy or hypoproteinaemia were excluded 
fi-om the present study. Pregnant or lactating females who underwent cholecystectomy 
were not included in the study. Patients incurring intra-operative adjacent organ/ 
structure injury or developmg post-operative complications or requiring blood 
transfiision were also excluded fix)m the study. 
Open abdominal hysterectomy group considered only those patients who 
underwent total hysterectomy by open abdominal approach for benign uterine 
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diseases. Patients with pan-hysterectomy done for carcinoma cervix, uterine 
malignancy, or patients on cytotoxic drug were excluded from the present study. 
The patients were consented and discussed for specific procedures before 
surgery in the present prospective randomized study. Option of the surgical technique 
(laparoscopic or open) for cholecystectomy depended on many factors as existing 
financial circumstances of the patients, patients' preference for specific general 
surgeon who lack suitable expertise in laparoscopic technique, lack of facilities de 
novo/ absence or malfunctioning of existing gazette as our institution is a government 
hospital, equipment failure do occurs in the form of lack of CO2 cylinder supply or 
broken endoscopic instrument, patients' insistence: patient's phobia of complications 
after laparoscopic cholecystectomy based on bad experience of his/ her kith & kin or 
laparoscopic surgeon were not available. These who were found fit for laparoscopic 
cholecystectomy on the pre-operative (pre-op) assessment were recruited for open 
cholecystectomy on the basis of non-medical reasons enumerated above. 
Thus the open cholecystectomy group in the present study was a suitable 
control group for the laparoscopic cholecystectomy group in terms of the internal 
visceral tissue dissection. 
In every patient, five blood samples (Pre-operative, V2 hour after start of 
surgery, end of surgery, post-operative days 1 & 4) were timely collected and 
analysed for the estimation of the serum concentrations of glucose, Cortisol, 
epmephrine, norepinephrine, C-reactive protein and Tumor Necrosis Factor- alpha. 
All the same, haemodynamic clinical parameters were also religiously recorded at 
same five time points. It was thought prudent after-wise to calculate and analyse the 
rate-pressure product (RPP), a major determinant of myocardial oxygen consumption, 
as pa part of haemodynamic assessment although this was not included in the original 
study design. 
Therefore, the present study included a total of 63 female patients who were 
imderwent cholecystectomy (open and laparoscopic) and open abdominal 
hysterectomy in the Jawaharlal Nehru Medical College Hospital, A. M. U, Aligarh 
(UP), India, and the study was completed over a period of 4 years from October 2004 
to September 2008. All patients were operated iqx)n under identical circumstances 
including anaesthetic-analgesic protocol and fluid regime (intraoperative as well as 
perioperative) after fiilly informed written consent. The biochemical and clinical data 
were analyzed v^ dth standard computer software (SPSS version 17.0). 
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Demographic Profile 
1. Age: 
The Mean age ±SEM (Range) of the patients in the present study was 31.2±1.0 (18-
42), 33.1±1.1 (22-50) and 44.9±1.1 (35-55) years in the LC, OC and OH groups 
respectively. The age of the patients was comparable between both LC and OC groups 
(p>0.05), however, it differed significantly between LC vs. OH group and OC vs. OH 
group. 
The age of the patients (Mean ±SEM) in the open abdominal hysterectomy (OH) 
group of the present study was expectedly higher than the age of patients undergoing 
cholecystectomy (p<0.001) as hysterectomy is usually indicated for benign diseases in 
majority of patients beyond the reproductive age or in the peri-menopausal age. 
Age Range: 18-42 years in the LC group; 22-50 years in the OC group; 35-55 years 
in the OH group 
2. Sex: 
All patients in the present study belonged to the female sex not only in the open 
abdominal hysterectomy group but also in the laparoscopic and open cholecystectomy 
groups, eliminating the gender bias in the present study, especially with respect to 
comparison between uterine surgery (hysterectomy) and biliary surgery 
(cholecystectomy). Fxirthermore, this also eliminates the recently recognized 
differences in the stress responses between males and females. 
All of them were neither pregnant nor lactating at the time of cholecystectomy in both 
laparoscopic and open groups. None of them was menstruating at the time of 
operation. 
3. Weight: 
Patients' weight (Mean ±SEM) was 45.0±1.0 kg in LC group (range 40-56), 46.5±1.1 
kg m OC group (range 40-60) and 52.3 ±1.3 kg in OH group (range 43-62). 
The weight was foimd comparable between LC and OC groups (p>0.05) while it was 
found significantly different between LC vs. OH group (p<0.001) and OC vs. OH 
group (p<0.05) 
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4. Height: 
Patients in LC, OC and OH groups had the Mean height ±SEM (range) of 155.4±1.0 
(150-162), 155.8±0.8 (150-163) and 156.7±0.7 (152-164) cms respectively. 
The height was found comparable between LC vs. OC groups and LC vs. OH groups 
but significant difference was noted between OC vs. OH groups on t-test analysis. 
However ANOVA and Bonferroni tests verified that there was statistically no 
significant difference among the three groups - p=0.792 between LC vs. OH, p=1.0 
between LC vs. OC and p=1.0 between OC vs. OH. 
5. Body Mass Index (BMI): 
All patients in the present study had normal weight as per the WHO criteria (<25 
Kg.m'^ ) and BMI was found 18.60, 19.12 and 21.26 in the LC, OC and OH groups 
respectively. Overweight/ obese patients were not included in the present study. The 
BMI was comparable between LC and OC groups (p<0.05). However, it differed 
significantly between LC vs. OH groups and OC vs. OH groups (p<0.001). 
Thus, We find that mean age and BMI of the patients in the present study do not 
conform to the classical teaching that gallstone is a disease of fatty females above 
fifty, suggesting a definite change in the incidence of cholelithiasis with respect to not 
only to the age but also the body mass index. 
The present study recorded following changes in the hormonalj metabolic, acute-
phase reactant and inununological markers during the acute stress state following 
surgery in the three study groups (LC, OC & OH): 
A. Metabolic Responses: 
In term of serum glucose, an accelerated metabolic response was noted during peri-
operative period in the three groups. Pre-op blood glucose levels were comparable 
among the laparoscopic cholecystectomy (LC), open cholecystectomy (OC) &. open 
abdominal hysterectomy (OH) groups (p>0.05). 
In LC group, the pre-op blood glucose value (96.71 mg/dl) increased significantly 
during intra-op period (p<0.001). However, glucose concentrations recorded in the 
post-op period were not significantly different fi-om the pre-op value. 
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In the open groups (OC and OH), pre-op values of blood glucose (96.3 8± 2.1903 and 
96.4286± 2.30 mg/dl respectively) increased significantly during intra-operative 
period (p<0.001). Furthermore, glucose concentrations recorded in the post-op period 
were also significantly higher (p<0.001) than the pre-op values (cf. LC group). 
Thus in the open cholecystectomy and open hysterectomy groups, the blood glucose 
level did not return to the baseline pre-op value even on the 4* post-operative day. 
The changes follo\^g surgery were significantly different (p<0.001) from each other 
at half-an-hour after start of surgery between laparoscopic cholecystectomy and open 
abdominal hysterectomy, although they were insignificant (p=0.263) between open 
cholecystectomy and open hysterectomy. 
At completion of surgery, rise in blood glucose level was comparable between 
laparoscopic cholecystectomy and open hysterectomy (p=0.131) as well as between 
open cholecystectomy and open hysterectomy (p=0.935). 
Thus, rapid normalization of the accelerated metabolic response on the very 1^* postop 
day in the LC group points towards additional strain of temporary high pressure 
pneumoperitoneum with peritoneal stretching. 
B. Hormonal Responses: 
1. Cortisol response 
In LC group, pre-op level (423.00±25.96 nmol/L) increased significantly (39.32% j) 
in the intra-op period (p<0.001). On post-op day 1, Cortisol level decreased with 
insignificant difference from the pre-op value (3.90 %t; p=0.573) and on post-op day 
4, it decreased fiirther and became 26.42 % lower than the pre-op level (p=0.001). 
However, in both the open groups (OC and OH), pre-op Cortisol levels 
(341.476+20.86 and 325.3810± 12.295 Inmol/litre respectively) increased 
significantly throughout the intra-operative period (p<0.001). The high Cortisol levels 
persisted in the post-op period till 4* post-op day (p<0.001). 
Intergroup differences among the three groups were significant at the end of surgery 
and in the postop days 1 & 4. The p values were found <0.05 between LC vs. OH 
groups and <0.001 between OC vs. OH groups at the end of surgery. On the first 
postop day, the values were significantly different between LC vs. OC groups 
(p<0.05) and LC vs. OH groups (p<0.001), but the intergroup difference was 
insignificant between OC and OH groups (p=1.00). On 4* post-op day, the intergroup 
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differences again proved significant between LC vs. OC groups and LC vs. OH 
groups (p<0.001), and insignificant between OC and OH groups (p>0.05). 
The short-lived accelerated Cortisol response during the intra-operative period 
in the LC group with rapid normalization to the pre-op level on the very 1* post-op 
day is, in all probability, secondary to the peritoneal stretching during laparoscopy 
with stimuli for the stress response arising fi-om visceral and peritoneal afferent nerve 
fibres in addition to those fi-om the abdominal wall. 
2. Catecholamine Response: 
In response to surgical stress, the levels of Catecholamines (epinephrine and 
norepinephrine) altered markedly in all the three groups. Pre-op value serum 
Catecholamines (epinephrine and norepinephrine) was comparable among the three 
groups (p>0.05). 
Percentage increase in pre-op serum epinephrine level at half an hour after incision 
was 85.47 % (LC group), 141.44 % (OC group) and 102.70 % (OH group). At the 
end of surgery serum epinephrine concentrations increased by 189 %, 258 % and 251 
% in the LC, OC and OH groups reispectively. However, the differences among 
groups on application of Bonferroni test were not significant fi-om each other during 
intraoperative period, including half an hour after incision and end of surgery 
(p>0.05). 
The accelerated serum epinephrine responses continued in the post-op period in both 
the conventional open groups (p<0.001) while epinephrine level returned towards pre-
op levels in the laparoscopic group (p>0.05). On 4* post-op day, epinephrine 
responses were comparable between both the conventional groups (p>0.05) but 
differed significantly between LC and OC groups, which was confirmed by ANOVA/ 
Bonferroni test. 
Thus, we find in the LC group of the present study that there was slow intraoperative 
rise in epinephrine concentration with peaking at the end of surgery (approximately 3-
fold increase) and then it decreased markedly on the l" post-op day though still 
different statistically from the pre-op value (<0.05). On 4* post-op day in the LC 
group, the epinephrine concentration decreased fiirther and was recorded 17 % lower 
than the pre-op value, indicating presence of pre-op stress in these patients most 
probably secondary to the procedure-related anxiety and apprehension, mainly in 
relation to newer technolo^ as seen also in relation to the Cortisol response in the 
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present study. In other words, pre-op concentration is often not reflective normal basal 
value of the catecholamines, and this observation should be kept in while interpreting 
the data. 
Norepinephrine (NE) levels augmented considerably at half an hour after and at the 
end of surgery. The changes follow the similar pattern as epinephrine. NE level 
increased by 116% (LC), 108 % (OC) and 88% (OH) at the end of surgery. 
Intergroup differences were not statistically significant (p>0.05) fix)m each other 
during intra-operative period (ANOVA significance =0.211 and 0.120, at half horn-
after incision and end of surgery respectively). However, at the first post-op day 
significant differences were noted among the three groups (p < 0.001). ANOVA/ 
Bonferroni test revealed that the changes were significant between LC vs. OC groups 
and LC vs. OH groups, but insignificant (p>0.05) between OC and OH groups. 
However, at 4* postop day norepinephrine responses became similar among groups. 
The changes in hormonal markers were more intense in hypertensive patients as 
compared to normotensive ones (p<0.05). 
The degree of association between the two biomarkers (epinephrine and 
norepinephrine) was found strongly positive on application of Pearson correlation (LC 
group Pearson correlation=0.995 and p<0.00r, OC group Pearson correlation=0.979 
and p=0.004 and OH group Pearson correlation=0.982 and p=0.003). 
C. Acute-Phase Reactant Response: 
Present study recorded altered expression of C-reactive protein (CRP) following 
surgical intervention. CRP level did not increase in serum from the baseline value at 
half an after start of surgery (p=0.081) in LC and OC groups, while increased 
markedly (p<0.001) in hysterectomy group. 
Significant increase in CRP concentration was noted at the end of surgery as well as 
post-operative period till day 4'*' (p value < 0.001).The inter-group difference was not 
significant among groups till end of surgery (p value > 0.05). 
In all the groups, the increased serum CRP concentration reached the maximum level 
at 24-48 hours after surgery and started declining gradually from 4* day of surgery. 
However, significant difference between laparoscopic cholecystectomy and open 
hysterectomy was noted at 1** postop day (p<0.001). 
The degree of CRP enhancement was noted >6 folds after open surgery, and > 3 folds 
following laparoscopic surgery. 
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D. Immunological Response: 
TNF expression in the LC group did not change till 1^ post-op day and its expression 
doubled on tiie 4* post-op cfeiy but this was found statistically insignificant (p>0.05). 
This observation of the delayed insignificant TNF-alpha expression in tiie late post-op 
period confirms the opinion that laparoscopic intervention preserves the peri-
operative immune responses. 
In the OC group, TNF-alpha concentrations did not increase in the intra-operative 
period. TNF was expressed many folds on the 1^ & 4* post-op days but these 
expressions were statistically insignificant (p>0.05). 
On the 4* post-op day, one out Of 21 patients developed excessively high TNF 
enhancement as compared to other patients in this group but this did not alter the 
results of the group, validating the adequacy of the group sample size calculated by 
the power of analysis. 
In the OH group, TNF-alpha concentrations did not increase at all in the intra-
operative period. Significant enhancement of TNF-alpha expressions (p<0.001) was 
seen on the 1** post-op day which increased fiirdier on the 4 post-op day (p<0.001). 
In both the LC and OC groups, TNF expression showed a characteristic pattem of 
delayed insignificant rise in the late post-op period and the intergroup difference was 
also found insignificant (p>0.05), indicating similar degrees of immune preservation 
following open cholecystectomy in patients fit for laparoscopic cholecystectomy as 
well as following laparoscopic cholecystectomy. This means that internal visceral 
tissue dissectional trauma really determines the immimologic modulations and 
difference in the amount of the parietal tissue dissectional injury (2 cms in LC and 6-9 
cms in OC) does not really matters as far as immune fiuiction is concerned. 
It is of interest to note that highly significant post-operative enhancement of TNF-
alpha expressions in the OH group (p<0.001) does not differ fi-om the insignificant 
post-op TNF expressions in LC & OC groups (p>0.05) on statistical analysis by 
ANOVA/ Bonferroni test This is difiGcuh to explain and may need better 
computational measures or larger sample size to fiilly elucidate the difference. 
Attempt was made to correlate the expressions of TNF-alpha and CRP but the 
significant increases in CRP level following surgery were not correlated with the 
TNF-a expressions following surgery in the LC group on application of bivariate 
correlation by Pearson test (i=0.279; p> 0.05). 
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However, there was found strong correlation associations in TNF and CRP 
expressions in the both the OC and OH groups (r= 0.765 and r=0.821 respectiveiy ) 
but these correlations were found statistically insignificant (p>0.05) in both the open 
groups. This emphasizes the point that sometimes Pearson correlation significance 
and p-value significance may differ and caution is required while interpreting the 
data. 
E. Haemodynamic Responses: 
1. Heart Rate: 
All the three groups showed almost similar pattern of significant tachycardia -
throughout the wiiole procedure in LC as well as OC group, and only in the later part 
of the procedure in the OH group. This may simply imply that the reflex stimulation 
of suprarenal nerve plexiises via the celiac ganglion may produce adrenal bursts and 
overall sympathetic over activity. Fifth thoracic segment of the spinal cord is a 
common source of sympathetic supply to the heart through cardiac plexuses and to the 
biliary tract through celiac plexus. Higher branches of the greater splanchnic nerves 
have been traced upwards in the sympathetic trunk as far as second or even first 
thoracic ganglia. Hence, stretch or distension sensations of the biliary tract, 
transmitted through visceral sensory fibres of the splanchnic nerves, may lead to 
relative or absolute increase in the sympathetic tone, causing tachycardia, 
hypertension and even tachyarrhythmias. 
hi the post-operative period, all the three groups exhibited not only normalization but 
also decrease of the heart rate lower than the pre-operative level - the decrease being 
statistically significant (p<0.05) only in LC group and insignificant (>0.05) in OC & 
OH groups. The most probable explanation for this observation may be that the 
patients were already under significant degree of stress even before induction of 
anaesthesia and surgery due to marked pre-operative anxiety and apprehension, 
mainly in relation to newer technology as has already been discussed in detail imder 
the heads of Cortisol and epinephrine. However, it appears prudent to again highlight 
the two important things- one, the need of thorough pre-operative counselling for 
anxiolysis, and second, the need of samplmg at the time of PAC (Pre-Anaesthetic 
Check up) for baseline values or at least at the time of admission a day before 
operation. Sampling at the tune of admission to the hospital may agam be a cause for 
concern with respect to the fast evolving Day Case Surgery or Fast Track Surgery. 
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2. Arterial Blood Pressures: 
In the LC group of the present study, all variables of arterial serum pressure 
(Systolic, diastolic and mean) changed in a manner similar to HR and showed 
significant intra-operative increase with rapid peak effect at haif-an-hour after 
incision, and significant post-operative decrease which was found lower that the pre-
operative level even on the 4* day (p<0.05). 
In the OC group, all variables of arterial serum pressure (Systolic, diastolic and 
mean) were increased significantly dxiring intra-operative period with minor 
differences at half-an-hour and end of surgery, and all of them returned to near or 
even below the pre-operative level on the very 1^ ' postop day. 
These observations are at a little variance to those seen in the LC group where rapid 
peaking effect at half-an-hour was noted in all variables of arterial serum pressure 
(Systolic, diastolic and mean). 
This implies that both open and lap chole procedures are equally stressfiil with similar 
intra-cavitatory management with only one difference at half-an-hour of incision and 
that is the additional mechanical effect of the pneumoperitoneum during lap chole 
wiiich was not found to be additive in the subsequent part of the procedure. 
In the OH group, there were significant intra-operative increases in all variables of 
arterial serum pressure (Systolic, diastolic and mean) which were followed by 
normalization on the very 1^* post-operative day. However, it is interesting to note that 
systolic and mean arterial serum pressure achieved peak at half-an-hour after incision 
wiiile heart rate and RPP showed peaking effect at the end of the surgery. 
Comparison among LC, OC & OH groups: The time course pattern was found 
similar in systolic, diastolic and mean arterial serum pressures among the Aree 
groups. However, arterial blood pressure in all denominations was more pronounced 
in the intra-operative phase of the laparoscopic cholecystectomy in the present study. 
The possible mechanisms responsible for this accentuation phenomenon during 
l^aroscopic cholecystectomy include mechanical compression & stretching effects of 
pressure pneumoperitoneum and release of humoral substances secondary to the 
pneumoperitoneum and surgical tissue dissectional injury. Carbopneumoperitoneum-
mduced hypercarbia was not considered as a plausible in the present study 
aetiological factor in the present study due to the religiously maintained ETCO2 level 
within a range of 32 to 35 mmHg. 
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3. Rate-Pressure Product: 
Rate Pressure Product (RPP), product of heart rate and systolic blood pressure, is a 
major determinant of myocardial oxygen consumption. RPP increased during intra-op 
period in all the three groups and decreased markedly to lower than tiie pre-op value. 
In LC group (combined, normotensives and hypertensive subgroups) during 
intraoperative period maximum increase in RPP value was noted at half an hour after 
start of surgery with rapid peaking (29.6 %t).These changes declined to lower than 
the pre-op value (8.5-9.5 %i) in the post-operative period. 
The OC (combined) group also revealed persistently high RPP (21 to 23 % 
increase) value in a lesser magnitude to LC, throughout the procedure and tiien post-
operative normalization to the pre-op value (<3 % difference). However, OH 
(combined) group showed gradual intra-operative rise in RPP with a maximum of 14 
% increase at the end of surgery and then post-op decrease to lower than the pre-op 
value by 4 to 5.5 %. 
The present study noted greater intra-operative increase in RPP in 
hypertensive subgroup as compared to normotensive subgroup in all the three groups 
(LC, OC & OH). The maximum rise occurred at half an hour after incision and post-
operative decrease to lower than the pre-op value by 4 to 9.5 %. 
The normotensive subgroup showed intra-operative increase in RPP in a 
similar manner to combined subgroup but to a lesser degree and post-operative 
decrease to lower than the pre-op value by 8.6 to 9.5 % in LC group and complete 
normalization to the pre-op value in OC group. 
However, OH-normotensive subgroup showed minimal rise (<2 %) at half an 
hour after incision and mild increase at the end of surgery (11 %) and then post-
operative decrease to lower than the pre-op value by 7 %. 
Critical changes in RPP was observed A\iiich crossed the upper limit of RPP to 
the dangerously high level in the hypertensive patients undergoing laparoscopic 
cholecystectomy soon after start of surgery (half an hour), suggesting real high risk in 
these patients. 
However, intraoperative changes in RPP persisted to some extent (8 %) on 
post-op day 1 in hypertensive patients of LC group in absence of complication, and 
this indicates continued higher myocardial oxygen consumption even after 24 hours 
of surgery that is apparently correlated to the high pressure pneumoperitoneum. Thus 
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insult associated witii pneumoperitoneum cannot be under scored especially in high 
risk cardiopulmonary disease patients. 
Presence of significant degree of pre-op mental stress related to surgery-induced 
anxiety and apprehension, especially with respect to the newer technology was 
evident with fell of RPP 4 to 9.5 % below the pre-op value on the 4* post-op day in 
all subgroups except OC group (normotensive). Thus role of pre-op anxiety in 
augmenting the surgical stress response cannot be ignored in the era of fest track 
surgery. 
F. Correlations between Different Systemic Responses: 
1. Correlations between Metabolic and Hormonal Responses: 
In the present study, strong positive correlations (Pearson, r >0.7) were found 
between serum glucose and serum Cortisol concentrations and between the serum 
glucose and serum catecholamines (both epinephrine and norepinephrine) 
concentrations over the longitudinal course of the study in all the three groups. 
2. Correlations among Hormonal Responses: 
Strong positive correlations (Pearson, r > 0.7) were also observed between serum 
Cortisol and serum catecholamines (Both epinephrine and norepinephrine) and 
between serum epinephrine and serum norepinephrine concentrations in all the tiiree 
groups (LC, OC and OH) throughout the peri-operative period, suggesting parallel 
increases in die two catecholamines in response to a certain degree of the surgical 
trauma in laparoscopic as well as open groups of the present study. 
3. Correlations between Haemodynamic and Hormonal Responses: 
Serum epinephrine and norepinephrine concentrations showed different correlations 
with the haemodynamic parameters in the laparoscopic and open groups over the 
longitudinal course of the study. 
In the LC group, strong positive correlations (Pearson, r > 0.7) were fotmd between 
serum norepinephrine concentrations and haemodynamic parameters (Heart rate, 
arterial blood pressures (systolic, diastolic and mean) and rate-pressure product) but 
. the correlations between serum epinephrine concentrations and haemodynamic 
parameters (Heart rate, arterial blood pressures (systolic, diastolic and mean) and rate-
pressure product) were found only weak positive (Pearson, r < 0.7). 
Significant intra-operative increases in the arterial blood pressures (Systolic, diastolic 
and mean) observed in the present study were accompanied by the significant intra-
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operative increases in plasma epinephrine and norepinephrine concentrations in the 
present study. It is to be noted that intra-operative increase in arterial blood pressures 
and plasma concentrations were individually highly significant but the time course 
pattern was found different: peaking of the arterial blood pressvires (Systolic, diastolic 
and mean) occurred at half-an-hour after incision while plasma catecholamines 
achieved peak at the end of surgery, suggesting interplay of additional factor(s). The 
most probable factors for maximal haemodynamic changes soon after creation of the 
pneumoperitoneum include pneumoperitoneum-induced compression of intra-
abdominal great vessels, increased sympathetic tone resulting from reflex activity, 
baro-reflexes or vasopressin release secondary to peritoneal stretching/ stimulation 
and decreased venous return to the heart. 
In the OC group, the correlations of s-norepinephrine as well as s-epinephrine with 
almost all the haemodynamic parameters were found weak positive (Pearson, r= +0.3 
to +0.7) except in the case of epmephrine vs. systolic blood pressure where there was 
found no correlation at all (Pearson, r < 0.3). 
Therefore, the causal mechanisms for these changes may include peritoneal stretching 
and stimulations in open surgery causing vasopressin release, direct stimulation of 
sympathetic nervous system or increased sympadietic tone resulting from reflex 
activity. 
In OH group, correlations of arterial serum pressure changes and plasma 
catecholamine changes were foimd variable with different clinical parameters in a 
fashion similar to those seen in the OC group, the open surgery group. Hence, role of 
other factors involved in the open surgery assumes importance for causation of 
equally significant alterations in arterial blood pressure and other haemodynamic 
parameters. 
G. Correlations with Duration of Surgery: 
1. Metabolic Response and Dui^tion of surgery 
Correlations between the glucose response and the duration of surgery were found 
entirely different in the three groups - weak positive in LC group, strong negative in 
OCgroiqj and strong positive in the OH group, suggesting that the operating time has 
little or no significance with respect to the magnitude of the metabolic response under 
different techniques but the severity and the extent of the surgical tissue dissectional 
injury may play sole or bigger role for tiie degree of the surgical stress response. 
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2. Hormonal Responses and Duration of sui^ery 
Cortisol's correlation with the duration of surgery followed the pattern in all the three 
groups exactly similar to the glucose's correlation to the duration of surgery, viz., 
weak positive in the LC group, weak negative in the OC group and strong positive in 
the OH group. In other words, correlations between the Cortisol response and the 
duration of surgery were also different in the two open groups. 
Strong positive correlations were observed between the duration of surgery and 
epinephrine response in the laparoscopic group and also in both the open groups (r > 
+0.7). 
Correlations between the norepinephrine response and the duration of surgery was 
found only weak negative (r = -0.7 to -0.3) in the 1^ chole and open chole groups but 
strong positive correlation (r = +1.0) was detected in the open hysterectomy group. 
3. Acute-Phase Reactant Response and Duration of surgery 
All the three groups recorded strong positive correlations between the duration of 
surgery and CRP expressions (r > +0.7), suggestive of increasing inflammatory 
response with the increasing duration of surgery. 
4. Immune Response and Duration of surgery 
Strong negative correlations were detected between TNF-alpha expression and 
duration of surgery not only in the LC group but also in the OH group. 
On the other hand, the OC group recorded no correlation between TNF-alpha 
expression and duration of surgery. 
These observations support the opinion that the severity and the extent of the trauma 
(Surgical tissue dissectional trauma) are possibly more important than the operating 
time per se for the magnitude of surreal stress responses in terms of various 
mediators and biomarkers. This is becoming more evident in view of the fact that in 
recent times, the complex surgeries are increasingly carried out for hours together by 
both techniques - laparoscopic and open but without gross homeostatic disturbances 
and with favourable outcomes. However, their suggestion, based on only cytokine 
expressions, of lap chole to be regarded as a minor surgical procedure appears 
untenable because it is the net result of the multifactorial interactions of a battery of 
homeostatic factors, some understood appreciably and many others still less or even 
least understood especially under clinical circumstances, that will decide the 
magnitude of a surgical op»ation so that therapeutic modulations and interventions 
may lead to the improved quality of patient care as well as to achieve the favourable 
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outcome not only satisfactory to the surgico-anaesthetic team but also, more 
importantly in the current era of the expanding marketing forces, satisfactory to the 
increasingly aware patients. 
To conclude, the present study demonstrated specific changes in the six 
studied stress biomarkers including serum glucose, Cortisol, epinephrine, 
norepmephrine, CRP and TNF a levels as well as clinical monitored parameters 
following laparoscopic and open surgery. We found cholecystectomy and 
hysterectomy are stressful procedures which modify the stress response significantly, 
either performed through classical open method or laparoscopic technique. Following 
laparoscopic siirgery, the stress hormonal responses were more pronounced during 
intraoperative period due to the additional mechanical effects of high pressure 
pneumoperitoneimi although associated with earlier post-operative normalization and 
this procedure should be taken as seriously as any major surgery not only in the 
hypertensive patients but also in the normotensive patients. In the post-operative 
period, catabolic hormonal responses were more obvious and continued after open 
abdominal hysterectomy and open cholecystectomy. 
In nutshell, the present work does verify the rapidly evolving current evidence 
that the laparoscopic cholecystectomy is as stressful as the open surgery 
intraoperatively in terms of metabolic, hormonal and haemodynamic responses 
Furthermore, laparoscopic cholecystectomy patients experienced significant peri-
operative immune preservation (Minimal TNF-alpha alterations in intra-and post-
operative periods as compared to the open surgery groups) and much less acute-phase 
reactant expression (50 % CRP expression less than in open surgery groups). Thus, 
the present study confirms that the earlier normalization of the metabolic hormonal 
responses, lesser acute-phase reactant expressions and significant peri-operative 
immune preservation following laparoscopic cholecystectomy are possible major 
determinant factors that usually lead to the commonly observed distinct clinical 
efficacy of laparoscopic cholecystectomy. 
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1. INTRODUCTION 
1.1. PROBLEM DEFINITION 
People are constantly exposed to numerous physical, psychological, chemical and 
social factors that jeopardize their physiological equilibrium. Every condition that 
threatens the state of homeostasis is considered a stress, and causes leading to it are 
termed stress factors. They have their effect through humoral and neural pathways, 
which together lead to many organ reactions. Stress response is the term used for the 
homeostatic changes which follow an injury or trauma. After early work on the stress 
response to accidental injury, attention was turned to surgical trauma, and responses 
to most types of surgery were reported (Desborough, 2000). A systemic stress 
response is the general reactivity of an organism and is unpredictable at the 
individual level. All components of the systemic stress response aim to protect the 
organism and avoid danger. 
Objective signs of stress include, among many others, high serum levels of adreno-
corticotrophic hormone, adrenaline and Cortisol, depletion of serum eosinophils, 
elevation of insulin, somatotropin in serum, increase in heart rate & arterial blood 
pressure, and changes in electrical activity of the heart & brain. 
Subjective signs of stress include excitement, palpitations, impulsive behaviour, fear, 
etc. 
A sensitive method for stress evaluation implies measuring stress factors which are 
important in the acute-phase reaction (APR), i.e. Cortisol, catecholamines, acute phase 
proteins, antioxidants etc. in states of oxidative stress. The APR is initiated and 
controlled by many cells and mediators; these mediators represent the elements of 
communication between vessels, inmiune system, bone marrow and CNS (Schlag & 
Redl, 1996; Gabay & Kushner, 1999). Serum levels of these mediators vary not only 
in diseased states including infection, infarction, bums, malignant diseases, etc but 
also in surgery of different types and nature. 
1.1.1. Cortisol 
It is considered to be a surgical stress indicator (Castejon-Casado, 2001). It is a 
glucocorticoid secreted from cortex of suprarenal gland. Its role in gluconeogenesis, 
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metabolism of fat, CNS, muscle and renal function, vascular reactivity and the 
immune response has been studied extensively and is well known. The serum level 
increases in operated patients and directly correlates with the extent of surgical trauma 
in general (Desborough, 2000). Measuring serum Cortisol during surgery indicates the 
extent of immediate stress, while its concentration in 24-h urine samples shows 
overall stress during that day (Ruzic et al, 2005). The present study recorded and 
analyzed the Cortisol response. 
1.1.2. Catecholamines 
Hypothalamic activation of the sympathetic autonomic nervous system results in 
increased secretion of catecholamines from the adrenal medulla and release of 
norepinephrine from pre-synaptic nerve terminals. Norepinephrine is primarily a 
neurotransmitter, but there is some spill-over of norepinephrine released fixjm nerve 
terminals into the circulation which is accentuated under stress and strain. 
The increased sympathetic activity results in the well recognized cardio-vascular 
effects of tachycardia and hypertension. In addition, the fiinction of certain visceral 
organs including the liver, pancreas and kidneys, is modified directly by efferent 
sympathetic stimulation and/ or circulating catecholamines (Desborough, 2000). 
1.1.3. Acute-Phase Reactants 
These are a heterogeneous group of proteins that mediate the acute-phase response 
(Gabay and Kushner, 1999). Their fruiction is to induce a nonspecific host defence 
and limit the local immune response. In the present study, we analyzed C - Reactive 
Proteui (CRP) and Tumour Necrosis Factor alpha (TNF-alpha). 
1.1.4. Antioxidants 
These are the compounds that prevent oxidative reactions; their presence is thought to 
underlie the cellular immune response. Disequilibrium between 'free-radicals' 
production and scavenging leads to a state of oxidative stress (Halliwell, 1999), which 
represents excessive production of oxygen free-radicals that can harm cell structure 
and functions, changing DNA, proteins, carbohydrates and fats. These oxidative chain 
reactions may cause oxygen depletion as every O2 molecule is a source of new free 
radicals and such reactions result in cell damage. Moreover, reactive oxygen species. 
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e.g. hydrogen peroxide etc. enhance oxidative stress. Antioxidants are classified into 
three groups, i.e. Antioxidative Enzymes, Antioxidative Scavengers and Preventive 
Antioxidants (Ruzic et al, 2005). 
Controlled tissue damage during surgery causes release of various acute phase 
reactants, along with other circulatmg factors (Kehlet, 1998), v^th complex inter-play 
of various substances mainly imder hypothalamic-pituitary-adrenal-axis which affect 
the peri-operative outcome (Roumen et al, 1992; Orloff, 1981; Kelbel, 2001). Grading 
of host systemic stress response has been tried according to the magnitude of the 
operative procedure (Udelsman et al, 1987; Kristiansson et al, 1999). 
Evaluation of the mechanism of the systemic stress response and its modulation if 
possible, is of paramount importance to both surgeon and anaesthesiologists as 
knowledge of the haemodynamic and hormonal disturbances during anaesthesia and 
surgery is essential to deliver adequate and proper care to a patient during peri-
operative period for a successful outcome. Furfliermore, this assumes more 
importance in patients in whom cardiovascular system is the seat of proclaimed or 
latent disorders. 
The stress response has more detrimental effects in upper abdominal surgery as 
compared to other surgeries and this may prove more catastrophic due to relative or 
absolute increase in sympathetic tone secondary to tractions and manipulations during 
biliary tract surgery (Katz et al, 1970; Giesecke et al, 1988; Desborough, 1989; 
Haleem et al, 1991), especially in patients with diseased heart as the resultant 
tachycardia, hypertension, arrhythmias, ventricular ectopics, puhnonary oedema, 
angina or even myocardial infarction during intra-operative period are the important 
causes of postoperative morbidity & mortality. The pathway of above-mentioned 
phenomenon may possibly be mediated: (a) either through fifth thoracic segment of 
spinal cord, a common source of sympathetic supply to heart and gallbladder via 
cardiac plexus & celiac plexus respectively, (b) or, through reflex stimulation of 
adrenal gland via celiac plexus, being stimulated by surgical manipulation with 
adrenal burst of catecholamine secretions (McGregor 1969; Mendelssohn and 
Monheit, 1956; Orloff, 1981; Warwick and Williams, 1973). These responses may 
possibly be attenuated during peri-operative period by modifying the surgical and 
anaesthetic technique whenever conditions permit. 
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1.2. fflSTORICAL BACKGROUND 
Gallstones are one of the most important causes of morbidity in the world. The 
estimated incidence of symptomatic cholecystolithiasis is up to 2.17 per 1000 
populations (Legorreta, 1993; Steiner et al, 1994). More than 500,000 
cholecystectomies are annually performed in the USA itself (Olsen, 1991; NIH 
Consensus, 1993; Roslyn, 1993). 
Open cholecystectomy was considered as the gold standard for treatment of the 
gallbladder stones till late 1980s. Laparoscopic cholecystectomy was performed first 
time by MQhe in 1986 and rapidly became the method of choice for surgical removal 
of the gallbladder (NIH Consensus, 1993), although the evidence of superiority of this 
newer 'minimally invasive' technique of the cholecystectomy over the classical open 
cholecystectomy was not clearly evident at that time. 
Following publications of some large series on marked clinical benefits of 
laparoscopic cholecystectomy in the last decade of the previous century (Reddick and 
Olsen, 1990; Scott et al, 1992; Southern Surgeons Club, 1991; Cuschieri et al, 1991; 
Steiner et al, 1994; Escarce et al, 1995), monumental interest generated in the medical 
community to objectively evaluate these benefits and to find the physiologic 
alterations & modulations for the favourable clinical outcome. 
In the recent past, most of the studies investigated the degree of surgical stress by 
comparing l^aroscopic and classical open surgical procedures (Holub et al, 2002; 
Marana et al, 2003; Polat et al, 2003; Luo et al, 2003) and majority of the 
investigators studied Cortisol, catecholamines, CRP, and some cytokines (TNF-alpha, 
interleukin- 2 and -6) in order to assess the systemic response to surgery and some 
included haemodynamic parameters also. Studies to compare stress between upper 
and lower abdominal surgery are scarce, and consensus for reproducible systemic 
stress response in open and laparoscopic surgery has not been achieved as yet to 
confidently predict the surgical outcome in an individual patient. 
Critical analysis of available randomized, controlled studies comprising laparoscopic 
and open surgery has not convincingly shown that laparoscopic surgery invariably 
improves the outcome except m a few operations. Reports available in literature still 
reveal variable or even conflicting results of the comparative evaluation of 
laparoscopic versus open cholecystectomy. Till date, no study has been done to 
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compare the extent of stress involved to the patients by both ways of cholecystectomy 
in comparison to open abdominal hysterectomy in a subset of Indian population 
during perioperative periods. 
1.3. NEED OF THE PRESENT STUDY 
The very few early prospective trials conducted in last decade of the previous century 
were burdened with problems of recruitment (Barkun et al, 1992; Attwood et al, 
1992), Later on, marketing forces for short lengtii of hospital stay, public demand and 
acceptance by surgeons under the media hype prevented prospective controlled 
randomized trials between laparoscopic cholecystectomy and conventional open 
cholecystectomy (Glaser et al, 1995; Sawyers, 1996) because of ethical constraints on 
the planning of a controlled randomized trial, especially due to the fast receding 
control group of the classical open cholecystectomy. 
Glaser and associates (1995) supported the opinion of Neugebauer and colleagues 
(1991) that it is not adequate to describe the clinical significance of technologies 
solely in terms of case studies or empirical judgments. This was fiirther supported by 
variable and often conflicting results of a huge list of such observational case studies 
and nonrandomized trials in recent past, thereby always maintaining the dire need of 
prospective controlled randomized study especially in relation to a local subset of 
human population for improvement of quality of their care and the desired favourable 
outcome of surgery. 
In 1999, Henrik Kehlet emphasized that the data are not consistent in spite of the 
common observation that Laparoscopic surgery as compared with similar open 
operation has no markedly different effects on the classic endocrine metabolic 
responses but may slightly reduce the inflammatory responses and immune functions. 
Therefore, the current prospective controlled randomized study was undertaken in a 
subset of Indian patients belonging mainly to the poor socio-economic class who are 
hard pressed to meet the expenses of current surgical treatment and who in general 
present themselves to government-funded secondary care institution such as our own 
institution, for treatment of the symptomatic gallstone disease and benign uterine 
disorders. 
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1.4. OBJECTIVE ISSUE INVOLVED 
In view of the on-going scenario of variable reports fix)m different places, I designed a 
prospective, controlled, randomized study under a Doctoral research programme first 
time in my Department of Anaesthesiology to determine the degree of systemic stress 
response to upper abdominal surgery (laparoscopic and open cholecystectomy) as 
well as lower abdominal surgery (open abdominal hysterectomy), by recording the 
clinical parameters as well as by measuring the serum levels of six known biomarkers 
under the following major aspects: 
1. Serum Glucose Estimation for Metabolic Response Assessment 
2. Serum Cortisol and Catecholamines (Epinephrine and Norepinephrine) 
estimations for Hormonal Response Assessment 
3. Serum Plasma C-Reactive Protein (CRP) estimation for Acute-Phase Reactant 
Response Assessment 
4. Serum Tumour Necrosis Factor-alpha (TNF-alpha) estimation for Immune 
Function Assessment 
5. Heart Rate and Arterial Blood Pressures (systolic and diastolic) recording 
coupled with calculation of Mean Arterial Pressure (MAP) and Rate-Pressure 
Product (RPP) for Hemodynamic Response Assessment 
6. Determination of Correlations among the simultaneously measured serum 
biomarkers as well as between the haemodynamic changes and the hormonal 
responses. 
1.5. RESEARCH METHODOLOGY ADOPTED 
1.5.1. Approval by Ethical and Scientific Committee of the University 
The present study commenced in a prospective manner after it was approved in 2004 
by the Committee of Advance Scientific Research (CASR) of Faculty of Medicine, 
Aligarh Muslim University, Aligarh, India. (Copy of approval attached). 
1.5.2. Informed Consent from the Patients 
All patients were fiilly informed about indication of surgery, technique of surgery-
open or laparoscopic, technique of anaesthesia, risks of surgery & anaesthesia and 
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prospects of successful outcome in the Surgical/ Gynaecological OPD (Out-patient 
department) and PAC (Pre-Anaesthetic Check-up) OPD. Patients were further 
explained in the wards about any query when required. 
Patients' informed consent for the operation was obtained in the wards in the evening 
before the day of operation. 
1.5.3. Admission to the Hospital 
All patients were admitted to the hospital 1-2 days before operation as a part of the 
general routine policy of our hospital for all the elective operations. 
1.5.4. Criteria for Randomization of the Study 
The study was randomized on the basis of following selection criteria of recruitment 
into either laparoscopic cholecystectomy (LC) group or open cholecystectomy (OC) 
group for uncomplicated symptomatic cholelithiasis: 
1. Patient's choice under informed consent 
2. Patient's financial status (our institution charges double for the laparoscopic 
cholecystectomy as compared to the open cholecystectomy) 
3. Availability of functioning equipment 
4. Availability of expertise (laparoscopic surgeon) 
5. Pre-operative feasibility of laparoscopic cholecystectomy (lap Chole) based 
on clinico-radiological signs 
1.5.5. Inclusion Criteria for the Study 
The present study was designed to include the following patients who underwent 
Cholecystectomy (Open/ laparoscopic) or Open Abdominal Hysterectomy: 
Normal healthy adult patients belonging to 18-60 years of age (ASA grade I) and 
Treated hypertensive healthy adult patients belonging to 18-60 years of age without 
any other co-morbidity (ASA grade II). 
1.5.6. Exclusion Criteria for the Study 
Patients were excluded from the study when one of the following criteria was detected 
at any point of time during the study: 
1. Patient's age less than 18 years or more than 60 years 
2. Pregnant and lactating females 
3. ASA grade II with untreated hypertension. 
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4. ASA grade more than II with co-morbidity other than treated hypertension. 
5. ASA grade more than II 
6. Patients who suffered from intra-operative injury to adjacent organ/structure 
including bile duct injury were also excluded from the study. 
1.5.7. Inclusion Criteria for Cholecystectomy 
Following patients with imcomplicated cholecystolithiasis were considered for 
recruitment in the present study: 
1. Patients with simple biliary colic(s) 
2. Patients with history of acute cholecystitis before more than 4-6 weeks 
3. Patients with chronic cholecystitis but without signs of acute inflammations 
at the time of admission and operation. 
1.5.8. Inclusion Criteria for Laparoscopic Cholecystectomy 
All patients with imcomplicated symptomatic cholecystolithiasis were offered 
Laparoscopic Cholecystectomy as a first choice in terms of the current 'Gold 
Standard'. 
1.5.9. Inclusion Criteria for Open Cholecystectomy 
Only those patients who were otherwise fit for laparoscopic cholecystectomy were 
recruited for open cholecystectomy on the basis of non-medical reasons as mentioned 
below: 
1. Patient's refusal for laparoscopic cholecystectomy due to anxiety and 
apprehension in relation to the newer technique and technology 
2. Patient's inability to pay extra charges for laparoscopic procedure 
3. Non-availability/ Malfimctioning of laparoscopic equipment on the day of 
scheduled operation 
4. Non-availability of the laparoscopic expertise on the day of scheduled 
operation 
1.5.10. Exclusion Criteria for Cholecystectomy (Open/ Laparoscopic) 
Patients were excluded from the study when one of the following criteria was detected 
at any point of time during the study: 
1. Patients with acute cholecystitis 
2. Patients with jaundice 
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3. Pre-operative clinico-radiological signs suggestive of difficult 
cholecystectomy. 
4. Lap cholecystectomy converted to open cholecystectomy because of any 
reason. 
1.5.11. Inclusion Criteria for Open Abdominal Hysterectomy 
Patients with benign uterine diseases who were posted for open abdominal 
hysterectomy were incorporated in the present study as a sort of non-biliary control 
group because this is the common non-biliary operation being performed at our 
institution almost as frequently as the cholecystectomy. 
1.5.12. Exclusion Criteria for Open Abdominal Hysterectomy 
Patients found to have malignant uterine disease at any point of time during the 
management were excluded from the study. 
1.6. SCOPE OF THE RESEARCH 
As gallbladder stone disease has currently assumed a sort of epidemic proportion in a 
developing country like India, development of reproducible predictive criteria of 
systemic stress response will go a long way for peri-operative deliberate modulation 
by surgico-anaesthetic team to safely conduct anaesthesia and to improve the quality 
of patient care to the masses at an affordable price. 
This study assumes more importance in current trend of fast urbanization in India 
with its attendant diseases especially of the cardiovascular system because surgery-
induced systemic stress responses may be exaggerated to the point of danger mark 
when the cardiovascular system is the seat of proclaimed or latent disorders as said 
earlier. 
Similarly, benign uterine diseases are quite commonly seen at least at our institution 
and are operated upon almost as frequently as gallstone disease. The study will rather 
be more fruitfiil in this subset of population as majority of these patients are beyond 
the reproductive age group where hormonal imbalances are known to occur and 
body's defensive mechanisms are supposed to be at low ebb. 
Attempts to probe the extent of adrenal burst during mitial and later part of excision 
of diseased gall bladder by both techniques of cholecystectomy and comparison with 
a non-biliary surgery (open abdominal hysterectomy) in normotensive and treated 
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hypertensive patients will definitely help to detect and quantify the risk to an 
individual patient for possible planning of a rational surgico-anaesthetic approach in a 
particular patient to obtund the adverse metabolic and hormonal changes to achieve 
the desired favourable outcome. 
1.7. COMPLETION OF THE RESEARCH 
The present study was completed in about four years' time and recruited a total of 
sixty three female patients who underwent, after informed consent, laparoscopic 
cholecystectomy (n=21) and open cholecystectomy (n=21) for uncomplicated 
symptomatic cholecystolithiasis as well as open abdominal hysterectomy for non-
malignant uterine diseases (n=21) at our institution- Jawaharlal Nehru Medical 
College Hospital, A.M.U., Aligarh, India. 
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2. REVIEW OF LITERATURE 
2.1. INTRODUCTION 
The stress response to surgery and activation of humoral, cellular and immune 
processes are designed inherently to damage-control the injured tissues and to restore 
the tissue function as early as possible. Minor local surgery is usually followed by 
response of limited duration with faster restoration of body functions with minimal 
pharmacological intervention; in contrast, major surgery is associated with an 
overwhelming inflammatory response that, without appropriate and timely 
intervention, can lead to multiple organ failure and adversely impact patient survival 
(Schwartz et.al, 2007). 
Thus, concept about initiation, mobilization and finally control of inflammatory 
response provides a well-designed framework upon which interventions and 
therapeutics are formulated and applied for the surgical patient. Theoretically, 
systemic response to surgery can be broadly classified into a proinflammatory phase 
characterized by activation of cellular processes designed to damage-control the 
injury and to restore tissue fiinction as early as possible, and an anti-inflammatory or 
counter regulatory phase that is ihiportant for preventing excessive proinflammatory 
activities as well as restoring homeostasis in the individual (Schwartz et al, 2007). 
2.2. HISTORICAL BACKGROUND OF SURGICAL STRESS 
Man, like all other living organisms, is involved in a continuous struggle to survive 
not only the rigorous vicissitudes of the environment but also the biochemical and 
phyiological consequences of his own phyical activities. The cascade of biological 
events following phyical injury is a reflection of unique and indelible programme that 
is encoded in Homo sapiens as well as in other advanced species. The adaptive 
responses secondary to the injury are targeted to benefit the organism and to aid in his 
recovery from the injury as in the Darwinian terms of survival of the fittest in the 
struggle for existence. 
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John Hunter, for the first time in 1794, commented on the responses that occurred 
after the tissue injury and noted, "There is a circumstance attending accidental injury 
which does not belong to disease, namely that the injury done, has in all cases a 
tendency to produce, both the deposition and means of cure." This was the first 
suggestion that the responses to injury were beneficial to the host and human body 
respond to it with dramatic resilience. 
The constancy of biological system was appreciated from the time of Hippocrates. 
Theory of maintenance of internal constancy, "milieu interior" was proposed 
(Bernard, 1927), that is, there is a dynamic regulation of body systems to maintain 
the constancy of intemal environment of the organism. 
Later on, the word 'homeostasis'vfas coined (Cannon, 1939) for the mmntenance of 
the constant homeostatic responses, which was found as an extremely complex 
process with involvement of all the vital organs of the body, including those located at 
a distance in the body. Later on the model for regulation of homeostasis, the idea of 
"negative feedback servomechanism" was proposed (Moore, 1959). The bodily 
changes in various stages of surgical convalescence and the impact of specific 
component of injury responses including anaesthesia, metabolic responses, starvation, 
volume loss, and intensive postoperative care were thoroughly observed and 
evaluated (Moore, 1959). 
As early as 1930, Cuthbertson tried to study the injury responses, an initiation of 
'modern era', and observed that the injured patient had exaggerated protein 
responses; the disturbed metabolism was exhibited in the form of increased urinary 
losses of nitrogen and potassium vvdth increased oxygen consimiption, the basis for all 
modem day investigations of endocrine, biochemical and metabolic responses to the 
trauma and surgery. Cuthbertson quantified the time course of changes following 
injury, coined the terms "ebb " and "flow"phase to describe as an initial decrease and 
the subsequent increase in metabolic activity. 
Later on, the defence mechanism of the body and neuroendocrine regulation was 
studied by Okinaka et al (1954) who postulated the role of direct neural mediation of 
adreno-cortical fimction during surgical stress. These stress responses allow the 
injured person to survive by catabolising his own stored body fuels, and prolonged 
stress responses may result in exhaustion of the essential components of the body, 
namely, glucose, fat, protein and minerals, causing loss of weight, fatigue, decreased 
resistance, delayed ambulation and increased morbidity & mortality (AnnamtmAodo 
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et al, 19S8). The body's reaction to varying insults generates a chain of metabolic and 
biochemical reactions throughout the body with complex interplay of various 
chemical substances released from the hypothalamic-pituitaiy-adrenal axis, that was 
called "alarm reaction" or stress response and that alters the normal physiology 
(Bonica, 1968). These homeostatic and immunologic dysfunctions need identification 
and quantification of surgical insult to minimize the disease process and speed up the 
recovery. 
2.3. CURRENT CONCEPTS 
Cytokines play an important role in initiation and promotion of systemic stress 
responses secondary to surgery. These are present in almost undetectable levels in 
healthy state but high serum levels are observed quickly during rapid propagation of 
inflammatory response. A cascade develops in which cytokines amplify and diversify 
production of other cytokines (TNF-a, IL-l,IL-2, IL-6, IFN-y, colony stimulating 
factors, etc.) and inflammatory mediators (leukotriens, prostenoids, oxygen free-
radicals such as superoxide, hydrogen peroxide, lipid peroxides, etc. and bacterial 
endotoxins).The system responds more rapidly after priming by previous trauma or 
other triggers (Moossa et al, 2000). Recently cytokines have received greater attention 
and have been classified into Pro-inflammatory cytokines (IL-lp, IL-6, IL_8, etc.) and 
Anti-inflammatory cytokines (IL-lreceptor antagonist, IL-4, IL-6, IL-10, IL-13, etc.) 
and understanding of their functional roles in the surgical stress response is expanding 
at a faster pace. Other pro-inflammatory mediators include LIF, IFN-gamma, OSM, 
CNTF, TGF-beta., GM-CSF, IL-11, IL-12, IL-17, IL-18, etc. Other anti-inflammatory 
mediators include IL-16, IFN-alpha, TGF-beta, G-CSF, soluble Receptors for TNF 
and IL-6, etc. 
In addition to cytokines, certain Cell Adhesion Molecules (CAMs) fimction as a 
molecular mechanism by which cells of the immune system communicate with each 
other. These molecules appear on the surface of neutrophils and endothelial cells very 
early in the inflammatory response (Shimizu et al, 1992). The main groups of CAMs 
are the selectins (e.g., endothelial leukocyte adhesion molecule 1 (ELAMl) and 
immunoglobulin superfamily (IGSF). Furthermore, reduction in T-cell numbers, 
especially CD8+ following trauma may have important bearing on the systemic stress 
response and immune functions in particular (Faist et al, 1988). 
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Selectins such as endothelial leukocyte adhesion molecule 1 (ELAMl) act in the 
initial phases of cell adhesion to capture leukocytes from the circulation on the 
vascular endothelium. Pro-inflammatory cytokines act on the endothelium to cause 
upregulation of a number of these CAMs. Cell adhesion molecviles in the endothelium 
interact with complimentary CAMs on neutrophils, leading to rolling on the 
neutrophil along the vascular endothelium, followed by activation (triggering) and 
more intense adherence, degranulation, or migration. In addition, the cytokine cascade 
increases the prothrombotic potential of the endothelium (Zellweger et al, 2003). 
2.4. SURGICAL TECHNIQUES VERSUS SURGICAL STRESS 
After the early work of stress response to accidental injury, attention turned to the 
surgical trauma and the body responses were keenly observed in various types of 
surgery. Minor surgery on a limb has a negligible stress response in contrast to major 
surgery such as laparotomy and thoracotomy (Buggy and Smith, 2007; Cruickshank et 
al, 1990) Surgery-induced neurohormonal and inflammatory events include release of 
neurohormonal transmitters, which influence the intensity of postoperative pain, 
duration of postoperative ileus and hence the final outcome of the patient. 
These responses are beneficial in the short term and harmful in the long term. Hence 
various changes in surgical technique were attempted to shorten the hormonal and 
inflammatory stress responses following surgery. 
The earliest consequences of surgical incision is the rise in the circulating level of 
Cortisol and the surgical stress in humans was measured by increase in plasma beta-
endorphm immunoreactivity (Wilmore et al, 1977; Wilmore et al, 1980; Dubois et al, 
1982). The chculating neurotransmitters remain high at two to five times for 
approximately 24 hours after major surgery (Walters et al, 1990). Earlier worker 
(Marana et al, 1996) observed the stress responses following ovarian cyst operation 
by two different methods, laparoscopic excision versus aspiration of cyst. This was 
another stream of surgical technique in which the surgeons were trying to do surgical 
resection without much intervention and tissue handling, hiitially attenuated 
neuroendocrine stress response after minimally invasive surgery was observed in pigs 
(Mansour et al, 1992). Later on, it was pointed out that the l£ )^aroscopic approach 
reduces the endocrine response to elective cholecystectomy (Schauer and Sirinek, 
1995). The researchers compared the gasless, mechanical and conventional carbon 
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dioxide pneumoperitoneum methods for laparoscopic cholecystectomy (Koivusalo et 
al, 1998). Changes in lung volumes 24 hrs after laparoscopic and open 
cholecystectomy were studied, which justified the early discharge after laparoscopic 
procedure (Ali and Gana, 1998). Furthermore, pulmonary fiinction was correlated 
with the postoperative complications following laparoscopic cholecystectomy 
(Chumillas et al, 1998). The pulmonary fimctions following laparoscopic and open 
cholecystectomy were thoroughly studied and analysed by Coskun et al (2000). The 
effect of cholecystectomy on bowel function was observed by various workers 
including Hearing et al (1999). 
An attenuated acute phase response by minimal access surgery for cholelithiasis was 
observed by Bruce and associates (1999). Comparative evaluation of the 
inflanmiatory mediators in patients undergoing laparoscopic versus conventional 
cholecystectomy was carried out by a number of investigators (Chaudhary et al, 1999; 
Sendt et al, 1999) and local inflammatory peritoneal response to operative trauma and 
the cell activity, cytokine expression, and adhesion molecules were also studied. 
Postoperative Changes in acute-phase reactants in patients undergoing 
cholecystectomy by l^aroscopic and open techniques were evaluated and compared 
recently by various workers including Emirer et al (2000). Yoshida et al (2000) 
studied the effect of surgical stress on endogenous morphine and cytokine levels in 
the plasma after laparoscopic and open cholecystectomy. 
Furthermore, minimal access approach was applied to non-biliary straightforward as 
well as complex surgeries. Physiologic responses to laparoscopic aorto-femoral 
bypass grafting in an animal model was explored by Byrne et al (2000). Leung et al 
(2000) evaluated the systemic cytokine response after laparoscopic-assisted resection 
of recto-sigmoid carcinoma. Other workers like Jess et al (2000) assessed the 
systemic inflammatory responses during laparoscopic and open inguinal hernia repair. 
Biochemical markers like ACTH, catecholamine, Cortisol, and glucagon all played 
crucial roles in the mediation of systemic stress response. Catecholamines, Cortisol 
and glucagon are released in excessive concentrations, while insulin concentration is 
decreased in response to trauma (and sepsis). These changes take place, in general, 
proportionate to nature and severity of traimia (and sepsis). Till now, strenuous efforts 
have been made to inhibit the stress responses to surgery and the surgical outcome 
evaluated by comparing postoperative pain, puhnonary fimctions and systemic stress 
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responses following open and laparoscopic cholecystectomy (Hendolin et al, 2000; 
Mimicaetal,2000). 
Janicki and associates (2001) studied C-reactive protein (CRP) as a marker of 
postoperative stress following cholecystectomy throv^ three different techniques -
conventional open technique, pneumoperitoneum-assisted laparoscopic technique and 
abdominal wall lift gasless laparoscopic technique. Wilmore (2002) documented the 
increases in catecholamine and steroid hormones that were followed by onset of 
anabolism. 
In 2003, Luo and associates assessed the operative stress response in terms of energy 
metabolism by measuring the resting energy expenditure (REE) and the C-reactive 
protein expressions after laparoscopic and open cholecystectomy. 
2.5. ANAESTHETIC TECHNIQUES VERSUS SURGICAL 
STRESS 
The work on surgical trauma continued and attention diverted to technique emplojdng 
anaesthetic agents and neural blockade. Various types of regional nerve blocks have 
been used from time to time to overcome surgical stress (Warwick and Williams, 
1973; Kehlet, 1982; Kehlet, 1984; Derbyshire and smith, 1984; Normandale et al, 
1985; Chrubasik et al, 1985; Shirasaka et al., 1986; Giesecke et al, 1988). 
In 1985, Hall documented that the systemic stress response is by and large detrimental 
to the patient and the prevention or reduction of the changes may prove beneficial in 
aiding recovery from surgery, and emphasized the role of various techniques that 
were tried in past to achieve the modulation of the metabolic and endocrine response 
to surgery towards better surgical outcome. 
Paravertebral block was described by Kappis et al (1919) and this block was used in 
1940 by Gius & associates for attenuation of stress response to surgical trauma. In an 
attempt to block the endocrine and metabolic responses to surgery, procaine was 
added to intercostal nerve block (Starr and Oilman, 1942), and postoperative 
pulmonary function improved and the postoperative atelectasis was largely prevented. 
Bromage et al (1971) reported the influence of prolonged epidural blockade on serum 
glucose and Cortisol responses to upper abdominal and thoracic surgery. Bevan (1971) 
observed that metabolic response to trauma could be modified under extradural 
analgesia. Subsequently, celiac plexus block in the management of upper abdominal 
16 
REVIEW OF LITERATURE 
cancer pain was used (Bridenbaugh et al, 1972).The role of intercostals nerve block 
was evaluated by Koltun et al (1996) and Engquist et al (1977) who documented the 
inhibitory effect of epidural blockade on metabolic stress response and reduction in 
pulmonary problems. 
Gordon and associates (1973) measured plasma corticosteroid concentration after 
epidural analgesia to assess the role of regional blockade in the modification of stress 
response secondary to surgery. Griffith et al (1975) reported effective blockade of the 
accelerated neuroendocrine response with the help of extradural analgesia and noted 
that postoperative thoracic pain was satisfactorily relieved. Later on the effect of 
epidural analgesia on metabolic profile during and after surgery was discussed in 
detail by investigators like Kehlet et al (1979). 
In the extradural space, local anaesthetic alone or even narcotics like morphine along 
with bupivacaine was administered by different workers including Rutberg ( 1984) to 
modify the metabolic response to upper abdominal surgery. 
As epidurally administered opioid produced better analgesia, diamorphine and 
somatostatin were administered epidurally to study the hormonal and metabolic 
responses to cholecystectomy (Desborough et al, 1989). 
The influence of splanchnic nerve block on attenuation of endocrine-metabolic 
response to upper abdominal surgery was investigated in detail in relation to 
gallbladder surgery, and the role of additional nerve supply fi"om splanchnic nerve 
(T3-4) to gall bladder, which is stimulated in upper abdominal surgery, was seriously 
considered for the exaggerated response (Tsuji et al, 1983). Researchers conducted 
epidural anaesthesia to attenuate the abnormal hormonal responses (Conacher et al, 
1983; Asoh et al, 1986). Even continuous intercostal nerve block (Murphy, 1986) and 
paravertebral block (Kumar, 1989) were tried to attenuate the pain following 
cholecystectomy. 
As early as 1956, Mendelsohn studied the cardiovascular changes in 16 patients 
undergoing laparoscopic cholecystectomy using unpedance cardiography and found 
initial elevation of afterload and peripheral vascular resistance and later decrease in 
cardiac index .The increased myocardial oxygen consumption vdth potential risk of 
myocardial ischemia and possibly infarction or congestive heart failure or both was 
stressed upon in susceptible individuals. 
Other reviewers found that patients undergoing colon surgery imder general 
anaesthesia had higher levels of stress hormones afterwards and lower levels of 
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tumor-fighting natural killer (NK) cells than patients who received epidural 
anaesthesia - which blocks pain sensations from reaching the brain (Koltun, et al, 
1996). 
Henrik Kehlet thoroughly reviewed the systemic stress response twice (1982 and 
1990) and concluded that the neural blockade can modify the "stress responses to 
surgery. The role of extradural analgesia and vagal blockade on the metabolic and 
endocrine response to upper abdominal surgery was highlighted by Traynor and Hall 
(1994). 
Later on, role of epidural anaesthesia was fiirther confirmed and it was advised for 
major surgery to obtain better outcome (Buggy and Smith, 1999). However, in this 
context, Carli (1999) stressed upon the fact that optimization of the perioperative 
factors is more important than the anaesthetic technique to minimize surgical 
morbidity which influences the surgical result. 
Others suggested that more effective blockade of stress response can be obtained with 
the help of thoracic epidural anaesthesia along with general anaesthesia instead of 
high dose fentanyl anaesthesia alone in aorto-coronary bypass surgery (Kehlet, 1998; 
Stensethetal, 1994), 
With greater awareness, study on the neuroendocrine inflammatory responses and its 
possible relationship with the fimctional recovery was extended to extra-abdominal 
surgery including hip arthroplasty (Hall et al, 2001). 
In the pelvic surgery, role of fentanyl anaesthesia (IS^ig/k) was described to inhibit 
the p endorphin, ACTH, GH, Cortisol and glucose response (Lacoumenta et al, 1987). 
Two different doses of fentanyl anaesthesia were used to find out the median effective 
dose of fentanyl to obtund circulatory and plasma catecholamine response during 
cholecystectomy (Klingstedt et al, 1987). 
Others noted that sevoflurane as well as isoflurane were not able to prevent the 
metabolic endocrine responses to lower abdominal (pelvic) surgery (Geisser et al, 
2003). However, the potency of sevoflurane was judged in term of improved 
neuroendocrine stress response during laparoscopic pelvic surgery (Marana et al, 
2003). The total intravenous anaesthesia (propofol/ remifentanil) to blunt the release 
of epinephrine and Cortisol during cardiopulmonary bypass surgery was used (Bauer 
2004). 
Investigators were always curious to search for the pharmaceutical agent that may 
have a role in therapeutic nodulation of the accentuated systemic stress responses for 
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favourable outcome. Klingstedt et al (1987) carried a controlled study of the possible 
role of high and low dose Fentanyl anaesthesia for modulation of systemic stress 
response following open cholecystectomy. Later on, differential modulation of IL-6 
and IL-10 by Diclofenac administration was studied and found its anti-inflammatory 
role in major surgery (Mahdy et al, 2002). 
Besides various pharmacological interventions, effects of acupuncture and 
transcutaneous analgesia on the hormonal response following abdominal surgery 
were docimiented by Kho et al (1993). Recently, listening to music and therapeutic 
suggestions were also studied (Migneault, 2004). 
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2.6. MULTIMODAL APPROACH FOR STRESS MODULATION 
Recently much stress has been given to multimodal approach for reduction in 
postoperative complications and improvement of the final outcome following the so-
called major surgery. A reduction in the amount of surgical traimia by minimum 
access surgery or minimally invasive surgery with refinement of anaesthetic and 
surgical techniques may markedly attenuate acute stress responses with smooth early 
convalescence and this has sUso changed the grading of the surgical procedures, 
leading to successful development of Day Case Surgery Units for the so-called major 
surgeries (UK Audit Commission, 2001). 
To realize the concept of"" stress free anaesthesia and surgery" popularized by Kehlet 
(1997), multidisciplinary collaboration of physician, surgeon, anaesthetist, 
physiotherapist and nursing staff as well as family physician is highly desirable for 
effective pre-emptive analgesia, effective pain treatment, stress reduction by other 
techniques, and provision of an active rehabilitation program with early mobilization 
and oral feeding. These measures as emphasized by Kehlet (1997) may be more 
important than the choice between an endoscopic/laparoscopic technique versus open 
operation per se to improve the surgical outcome. 
2.7. PATHO-PHYSIOLOGY OF STRESS RESPONSES IN 
SURGICAL PATIENTS 
A chain of biochemical reactions are initiated in several situations, including 
infection, trauma, surgery, anaesthesia, bum, tissue infarction, and advanced cancer, 
etc. (Dinarello, 1997; Gabay and Kushner, 1999). 
In the surgical patients, two types of stress responses occur - 1 . Local response, and 2. 
Systemic response. Locally, the acute inflammatory response includes capillary vessel 
vasodilatation (congestion), exudation of plasma proteins (oedema), leukocyte 
adherence to endothelium, chemo-attraction and local activation of leukocytes, release 
of numerous mediators, elimination of foreign substances (phagocytosis), elimination 
of recruited cells (apoptosis), etc., leading to healing of the damaged tissue (Cavailon 
and Duff, 1999). 
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The systemic responses are characterized by local inflammation, fever, increased 
release of various hormones such as adreno-corticotrophic hormone (ACTH), Cortisol, 
insulin. Catecholamines, thyroxine, argenine vasopressin (AVP), and increased 
production of acute phase proteins in the liver (Goldsby et al, 2001). This response 
termed as acute phase response, associated with inflammation and increased 
production of immuno-injlammatory markers. Acute-phase reactants are 
heterogeneous group of proteins that mediate the acute-phase response (Gabay and 
Kuchner, 1999). Their function is to induce a nonspecific host defence and limit the 
local immune response. 
2.7.1. Types of Stress Response in Surgical Patients 
In response to operative stress, three types of stress responses started simultaneously 
in a parallel fashion, which are as follows: 
Autocrine Response: These are Autonomic responses where catecholamine, insulin 
and glucagon are released in response to the operative stress. 
Endocrine Response: Hormone under hypothalamic pituitary adrenal axis like 
Cortisol, thyroxine AVP, GH, aldosterone and rennin-angiotensin, etc., are released in 
a parallel manner after alarming of body by surgery. 
Paracrine Response: Local tissue and vascular endothelial cell mediated responses 
initiated with release of various cell derived mediators as cytokines, leukotriens, 
prostaglandins, histamines, serotonins, TNF, interleukins, plasminogen activator, 
eicosanoids, heat shock proteins and kallikreins-kinins. 
2.7.2. Neuroendocrine and Metabolic Responses in Surgical Stress 
The results of complex co-ordinated sequential responses to operative injury are 
maintenance of blood flow, oxygen delivery, organ perfusion with mobilization and 
use of substrate for healing and recovery. An elective operation produces a level of 
stress that is associated with fasting and resting state. The events that occur after 
injury lead, in general, to graded stress responses: the more severe the injury is, the 
greater the response. 
The metabolic response to surgery is a dynamic process; with time, events occurring 
at various time points were described in literature as initial "ebb phase" followed by 
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"flow phase", although such a characterization has often been questioned in terms of 
the recent understanding of the stress response. Flow phase/ hyperdynamic phase/ 
chronic phase of injury is characterized by fall in various metabolic functions with 
increase in level of various stress hormones (Wilmore, 1977 and 1980) (Table 2-1). 
Table 2-1: Surgical injury induced alterations in the body 
"Ebb" phase 
1.Serum glucose elevated 
2.Nomial glucose production 
3.Free fatty acid elevated 
4.1nsulin concentration low 
5.Catecholamines elevated 
6.Glucagons elevated 
7.Serum lactate elevated 
S.Oxygen consumption depressed 
9.Cardiac output below normal 
lO.Core temperature below 
normal 
"Flow" phase 
Serum glucose normal or slightly t 
Increased glucose production 
Fatty acid normal or t 
Insulin concentration normal or t 
Catecholamine high- normal or f 
Glucagon elevated 
Serum lactate normal 
Oxygen consumption elevated 
Cardiac output increased 
Core temperature elevated 
(Adopted and modified from Wilmore DW: Homeostasis-Bodily changes in trauma & 
surgery. In: Sabiston DC and Lyeriy HK (Eds) Textbook of Surgery The Biological 
Basis of Modem Surgical Practice, 15th ed., W.B.Saunders Co 1997, Chapter 4, pp. 
55-67). 
Originally four phases in response to the injury were described (Moore, 1959), which 
are: Injury Phase, Turning Point, Anabolic Phase and Late Anabolism (Table 2-2). 
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Table 2-2: Phases in response to moderate injury 
Injury 
phase 
Turning 
point 
Anabolic 
phase 
Late 
anaboiism 
Last 2-5 days or longer. Duration is related to the magnitude or "dose" of 
injury and the presence or absence of complication 
The neuroendocrine response turns off. Transient period. 
May occurs overnight or develops over 1 or 2 days. 
Gain in muscular strength. Phase of positive nitrogen balance. 
Lasts 3-12 weeks or longer. 
Gain in weight and body fat. Phase of positive caloric balance. 
Lasts months to years 
(From: Baue AE. The Metabolic & Neuroendocrine Responses to Trauma & 
Operations, In: Current Surgical Diagnosis & Treatment; Lawrence W. Way and 
Gerard M Doherty (Eds), 11th edition, McGraw Hill, Boston; 2003, Chapter 8, 
pp.lOO-lll). 
The injury phase begins at the time of injury or, for an elective operation, during 
preparation, when patient is advised nil orally and is given preoperative medication. 
This makes the patient anxious and apprehensive about the forthcoming experience, 
leading to hormonal secretions. This first phase usually lasts for 2-5 days depending 
upon the magnitude or "dose" of injury presence or absence of complications. 
In normal convalescence, the second phase- the "turning point" - is a transient period 
marked physiologically by a turning off of the neuroendocrine response and 
appearance of getting well 
Third phase is marked by gain in muscular strength or positive nitrogen balance; and 
the fourth phase by gain in weight and body fat, or positive caloric balance. 
2.7.3. Other Triggering Factors for Biologic Response to Injury 
Depending upon the extent of injury, number of various other stimuli and factors 
tends to reset homeostatic thermostat at a higher metabolic and circulatory rate. 
Minimal access surgery such as laparoscopy, thoracoscopy (Chassot et al, 2002), and 
even inguinal hernia repair produces minor changes in homeostatic thermostat. Major 
surgery and non-life-threatening mjury such as large incision into the body cavity or 
multi-system injury leads to interrelated, coordinated and harmonized changes in 
homeostatic thermostat and in turn, start of the accelerated biologic cascade. However 
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life-threatening injuries or invasive sepsis or prolonged illness leads to biologic chaos 
or dys-homeostasis (Baue, 2003).The individual becomes overwhelmed by the 
multiplicity of changes that should be protective but become self-destructive. An 
operation is similar to injury in that they produce the same cascade of events. Anxiety, 
fear and pain initiate the analogous responses; moreover. Starvation, immobilization 
and anaesthetic agents add to it further (Table 2-3). 
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Table 2-3: Triggers of Neuroendocrine and Cytokine Responses in Postsurgical 
Patients 
Noxious afferent stimuli(especially psun) 
Local inflammatory tissue factors, especially cytokines 
Pain and anxiety 
Starvation 
Hypothermia and shivering 
Haemorrhage 
Acidosis 
Hypoxaemia 
Infection 
(Adopted from Buggy DJ: Metabolism- the Stress Response to Surgery and 
Perioperative Thermoregulation, in: Alan R Aitkenhead, Graham Smith and David J. 
Rowbotham (Eds): Textbook of Anaesthesia, 5* ed., Churchill Livingstone, UK, 
2007, Chapter 20, p. 409). 
Surgery damages tissues, causing serum & body fluid losses and reduces extracellular 
fluid & vascular volumes. However, tissue injury with necrosis, invasive sepsis, shock 
and other aspects of injury with ischemia have other major effects and that too 
variable such as rupture of spleen or head injury, that may not be predictable in an 
individual patient. Hence there is always a need of continuous monitoring and 
repeated assessments in cases of major trauma or surgery along with tunely 
appropriate therapeutic action to achieve a favourable outcome. 
2.73.1. Preoperative Anxiety and Emotional Disturbances 
Preoperative anxiety and emotional disturbances are important signals for triggering 
stress response in surgical patients. The effects of background stress and anxiety on 
postoperative recovery have been evaluated and it was found that the surgical stress 
actually started prior to operation (Egbert, 1964; Liu et al, 1994; Kiecolt-Glaser, 1995 
«fel998; Abbott and Abbott, 1995). Patients waiting for surgery may have significant 
degrees of anxiety and stress that may continue during recovery period, even 
sometimes leading to development of a distress state. It has been demonstrated that 
stress has strong effects on both the immune system and the body's ability to heal, and 
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effect of psychological factors on wound healing has been assessed by measuring 
various stress factors including IL-lb in dental students reported by Marucha (1998) 
who documented that wound healing was 40% faster during summer vacation than 
during examinations, as immune depression was noted during examination period. 
2.7.3.2. Awareness during Surgery under General Anaesthesia 
In a variety of ways, pain could serve as a central gateway after surgery to poorer 
healing (Egbert, 1964). It is really distressing for patient having awareness of painftil 
nature of operation, which have postoperative psychological sequelae in the form of 
insomnia, depression and post traumatic stress disorder (PTSD) with distressing 
flashbacks. 
2.73J. Pain 
Pain following surgery and anaesthesia may affect recovery through several different 
paths. Pain has been used in animal experiments as a stressor to increase stress 
hormones and modulate immune function. 
2.8. SIGNALS INTEGRATION IN INJURY RESPONSES 
In the 1950s, it was postulated that there might be 'wound hormones' produced in 
injured tissues which activated the pituitary-adrenal axis. Egdahl (1959) demonstrated 
the role of the nervous system in the activation of the stress response. This signal 
comes from a variety of mediators produced by the injured and recruited cells in the 
woimd including macrophe^es, monocytes, neutrophils, endothelial cells and others. 
Therefore, stress response has two control arms, the neurohormonal arm (Table 2-4) 
one end and inflammatory arm at another end (Table 2-5) The activated neuronal 
signals travel along sensory nerve roots through the dorsal root of the spinal cord, up 
the spinal cord to the medulla to activate the hypothalamus (Desborough, 2000), 
stimulating hypothalamic pituitary-adrenal axis with excessive hormonal secretions. 
The complex series of reactions occurring in the hypothalamic pituitary-adrenal axis 
is shown in figure 2-1. Furthermore, the wound mediators, particularly the cytokines, 
stimulate the hypothalamic-pituitery-adreiud-axis directly, as the surgical wound have 
an autocrine fimction along with paracrine activity. 
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Table 2-4: Hormonal Metabolic Regulation by HPA Axis/Autonomic System. 
Hypothalamic Regulation 
• Corticotropin-releasing hormone 
• Thyrotropin-releasing honnone 
• Growth honnone-releasing honnone 
• Luteinizing hormone-releasing 
Hormone 
Anterior Pituitary Regulation 
• Adrenocorticotropic hormone 
• Cortisol 
• Thyroid-stimulating honnone 
» Thyroxine 
» Triiodothyronine 
• Growth hormone 
» Gonadotrophins 
» Sex hormones 
» Insulin-like growth factor 
» Somatostatin 
» Prolactin 
• Endorphins 
Posterior Pituitary Regulation 
• Vasopressin 
• Oxytocin 
Autonomic Nervous System 
• Norepinephrine 
• Epinephrine 
• Aldosterone 
• Renin-angiotensin 
• Insulin 
• Glucagon 
• Enkephalins 
(Adopted from Seymour I. Schwartz (Editor-in-Chief) Principles of Surgery (e-
Book), Part 1,8th edition, 2007, McGraw-Hill, UK, Chapter 1) 
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Table 2-5: Acute laflammatory Mediators 
I. Cytokines ; classified in two ways: 
1. Classification A: 
a. Cachectin- ILl and -TNF (tumor necrosis factor) from macrophages 
b. Monokines-(Secreted from macrophage or monocytes) 
c. Lymphokines-(Secreted from lymphocytes) 
d. Chemokines-(Secreted more than one type of cells 
2. Classification B: 
a) Type 1 Cytokine Receptors- Interleukins (IL-2, IL-3, IL-4, IL-5, IL-
6, IL-7, IL-9, IL-11, IL-13, IL-15), and granulocyte colony-stimulating 
factor (G-CSF), etc. 
b) Type II Cytoldne Receptors- interferon (IFN-a, IFN-P, IFN-y), and 
IL-10, CD4+ THl cells, CD8+ THl cells and NK cells, etc. 
II. Macrophage Migration Inhibitory Factor (MIF) 
in . Granulocyte-macrophage colony-stimulating factor 
IV. Eicosanoids -Prostaglandins, Leukotrienes. 
a) Prostaglandins-Prostacyclin and Thromboxane 
b) Leukotrienes -Histamine, Serotonin, Kallikreins, Bradykinin 
V. Endogenous Danger Signals- HMGBl, HSP60, HSP70, and uric acid. 
VI. Lymphotoxins (tumorilytic protein derived from leukocytes) 
VII. Reactive Oxygen Species (ROS) 
VIII. Nitric Oxide (NO) 
X. Hepatocyte-stimulating Factor 
XI. Neopterin 
XII. Complement 
(Adapted and modified from Lin et al, 1998, and Alarcon et al, 2007) 
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2.9. NEUROENDOCRINE REFLEX ARC TRIGGERED BY 
SURGERY 
2.9.1. Afferent Pathways 
The stimuli of injviiy activate endocrine response and provide afferent neuronal 
impulses from the site of injury and mediator signals to the central nervous system 
primarily by way of nociceptors (pain), baroreceptors (arterial receptors at the 
bifurcation of aortic arch and carotid sinus that respond to both pulsatile and mean 
arterial pressures), chemoreceptors (Neuroendocrine responses) and from wound (area 
of incision). Nociceptors' input plays a role in initiating generalized sympathetic 
nervous system stimulation (stress response). The stimuli from spinothalamic tract are 
transmitted to thalamus and then to cortex for pain perception and then to 
hypothalamus and medullary sympathetic centres for neuroendocrine stimulation 
(Desborough, 2000; Baue, 2003). 
Both high and low pressure baroreceptors in central circulation signal the 
cardiovascular control areas. Arterial receptors respond to pressure changes while 
venous receptors in left and right atria provide information on rate and extent of a trial 
filling. Surgical wound has an afferent arc of stimulation of central nervous system. 
2.9.2, The Efferent Pathway 
Endocrine and mediator release correlates with the efferent pathways. The injury 
phase begins with the stress response and endocrine alterations and activities in the 
hypothalamic-pituitary-adrenal axis. The components of stress response to surgery, 
the neuroendocrine response and cytokine response together with their systemic 
effects are shown in table 2-6. There is also increase in gut mucosal synthesis and 
export, hepatic protein synthesis and gluconeogenesis. 
Hypothalamic activation leads to arginine vasopressin (AVP) or antidiuretic hormone 
(ADH) release from the neurohypophysis, epinephrine secretion from adrenal medulla 
and nor epinephrine release from sympathetic nerve endings. Corticotrophin releasing 
hormone (CRH) travels to the adenohypophysis, stimulating adrenocorticofrophic 
hormone (ACTH) production (Figure 2-1). Though the normal stimulus to ACTH 
secretion is CRH, but under stress of injury ADH and angiotensin II fi«m the kidney 
also stimulate ACTH secretion. 
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Table 2-6: Components and Consequences of Stress Response to Surgery 
Neuroendocrine 
response 
1. Hypothalmic-
pituitary-
Adrenal 
stimulation 
2. Sympathetic 
nervous 
system 
stimulation 
3. Cytokine response 
Cytokine and 
inflammatory 
mediator release 
4. Pyrexia 
(due to TIL-1) 
Consequence 
- ACTH, GH, ADH, 
prolactin, P-
endorphin - all are 
increased 
-^ Catecholamine 
-Hypothalmic-
pituitary- adrenal 
Renin-angiotensin-
aldosterone^ 
-1^ glucagon & 
-4' insulin 
- 4/ testosterone 
- '^acute-phase 
proteins (liver) 
-IL-l,IL-6,TNF-a 
-Prostaglandins 'f 
-Neutrophils '^ 
-Lymphocytes 4^  
-"t metabolic rate 
Result 
-1 Adrenocortical hormones 
- Mobilization of glucose reserves 
- Water retention 
- Protein catabolism 
- Gluconeogenesis 
- Heart rate & cardiac output 'V 
- SVR and arterial pressure 1^  
- Activation of adrenocortical 
hormones, mobilization of glucose 
reserves, protein catabolism & 
gluconeogenesis 
- Retention of Na+ and H20, & 
excretion of K+, 
- Increased plasma glucose, 
lipolysis and insulin resistance 
Hyperglycemia, catabolic state 
- 4' liver synthesis of albumin 
Platelet adhesion 
t coagulation 
t hypothalamic-pituitary-adrenal 
activity 
Local inflammation, pain 
"T" demand on cardiovascular system 
(Adopted from Buggy DJ: The Stress Response to Surgery, In: Aitkenhead AR, Smith 
G and Rowbotham DJ (Eds): Textbook of Anaesthesia, 5* ed., UK, Churchill 
Livingstone, UK, 2007, Chapter 20, p-408). 
ACTH acts on adrenal cortex, producing Cortisol release. Angiotensin II, a potent 
general vasoconstrictor (very short half Hfe), and aldosterone serve as direct stimulant 
of vasopressin secretion with injury. ACTH has minor role in stimulating aldosterone 
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secretion in normal individuals, but is more important under stress state following 
injury or operation. Aldosterone secretion leading to sodium conservation after 
surgery makes no difference with renal blood flow, vascular volume or renin 
production. 
Sequence of events following signalling and activation of surgical stress and their 
potential systemic impact on various organ systems is shown in Figure 2-2. 
' 
Cortex 
1 r 
Thalamus 
^ f 
HvDotfialamus 
Corticotropin-
reieasing hormone 
r 
AdrenohvDoohvsis 
' r 
ACTH 
1 
Adrenal cortex 
^ ' 
Cortisol 
Portal circulation 
of pituitary 
Pituitary 
1 
' 
Adrenal medulla 
1 ' 
Eoineohrii^ 
' ' 
NeurohvDODhvsis 
' ' 
Arginine 
vasopressin (ADH) 
• 
Sympathetic nerve 
endings 
1 ' 
Noreoineohrine 
Figure 2-1: Complex series of reactions in HPA axis (efferent stimuli) after injury 
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Afferent noxious stimuli from the site of surgery 
Stimulation of SNS Postoperative pain 
Heart 
1" Heart rate 
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Figure 2-2: Potential Effects of Surgical Stress on Coronary Arterial Blood Flow 
(ADH, Antidiuretic hormone; SVR, systemic vascular resistance; SNS, sympathetic 
nervous system) (Adopted from Buggy DJ: The Stress Response to Surgery, In: AR 
Aitkenhead, G Smith and DJ Rowbotham (Eds) Textbook Of Anaesthesia, 5th ed., 
UK, Churchill Livingstone, 2007, Chapter 20, p. 409). 
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2.10. METABOLIC AND HORMONAL RESPONSES TO 
SURGERY 
2.10.1.Catecholamine Response 
The stress response leads to secretion of many anabolic and catabolic hormones, with 
the acceleration of most of the biochemical reactions (Kehlet, 1998). The onset of 
surgery is associated with a prompt increase in plasma concentrations of 
catecholamines, a group of important stress hormones (Hoar et al, 1980). 
The term "sympathomimetic" was coined by the Barger and Dale (1910) at the 
Wellcome Research Institute to describe the action of aliphatic and aromatic amines 
on the arterial pressure of decerebrate cats. 
Catecholamines are a group of aromatic amines, consisting of norepinephrine 
(noradrenaline), epinephrine (adrenaline), dopamine and their derivatives which act as 
hormones &/or neurotransmitters during stress response to surgical injury. 
Epinephrine and norepinephrine are formed from dopamine. They act on the cardiac 
musculature and the metabolism (epinephrine) as well as on the peripheral circulation 
(norepinephrine) and help the body to cope with acute and chronic stress. 
The plasma catecholamines increase immediately after injury and achieve peak 
concentration in 24 to 48 hours depending on the severity of the injury (Kehlet, 1998; 
Singh, 2003). They exert metabolic, hemodynamic and hormone modulating actions. 
Epinephrine causes hepatic glycogenolysis, gluconeogenesis, increased lipolysis in 
adipose tissues, ketogenesis and increased insulin resistance, preventing glucose 
uptake by cells (Guyton and Hall, 1998). These collectively manifest as stress-
induced hyperglycemia, not unlike the effects of Cortisol on blood sugar. 
The direct effect of catecholamines on the cardio-respiratory system results in 
increase in heart rate, myocardial contractility, arterial blood pressure and respiratory 
rate. Thus catecholamines play a crucial role in the mediation of cascade of stress 
response (Desborough, 2000). 
The sympathoadrenal discharge activation by catecholamine continues in the 
postoperative period. Many studies have found peak concentration in the recovery 
phase (Halter et al, 1977), due to re-awakening and perception of pain (Hall, 1989). 
The provision of good postoperative analgesia appears to attenuate this response to 
certain extent but does not totally abolish the sympathetic response (Hall, 1985). Like 
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Cortisol, EPI enhances leukocyte demargination with resultant neutrophilia and 
lymphocytosis. 
However, EPI occupation of p receptors present on leukocytes increases intracellular 
cyclic adenosine monophosphate (cAMP) ultimately decreases lymphocyte 
responsiveness to mitogens. In non-cardiac surgical patients with heart disease, 
perioperative P-receptor blockade also reduced sympathetic activation and cardiac 
oxygen demand with significant reductions in cardiac-related deaths (Perez et al, 
2006). 
The assessment of sympatho-adrenal function by measurement of plasma 
catecholamines alone is not ideal as the half life of amines is very short, while the 
unchanged catecholamine excretion in urine is relatively large as compared to amount 
in the plasma. Hence relatively less sensitive fluorimetric technique can be used to 
measure its concentration over 24 hour urine sample. However Falconer and 
associates (1982) have demonstrated that catecholamines in serum do not degrade if 
stored at room temperature up to 1 h before separation of plasma; furthermore, plasma 
samples were stable during storage for up to 6 months at -20oC. They also 
documented that there was little difference between samples collected with or without 
glutathione/ EDTA, either inmiediately or after storage. 
In general, plasma adrenaline concentration changes during surgery in a manner 
similar to that seen in noradrenaline (Derbyshire and Smith, 1984) and the serum 
catecholamine increase in operated patients directly correlates with the extent of 
surgical trauma. Thus, considering plasma catecholamine as stress marker, 
perioperative changes in epinephrine and norepinephrine concentrations have been 
extensively studied to evaluate the surgery-induced stress (Table 2-8). 
2.10.2.Cortisol and Adrenocorticotrophic Hormone (ACTH) Responses 
Cortisol is an important indicator of stress (Casado et al, 2001) that plays a key role in 
resisting stress and inflammation. It is also the major glucocorticoid in humans and is 
essential for survival during significant physiologic stress. 
Cortisol/ hydrocortisone (compoimd F), is the main corticosteroid secreted in humans 
by the adrenal cortex. This steroid hormone has a molecular weight of 363.5. In most 
physiological conditions, only about 10% of plasma Cortisol circulates unbound and 
the rest of it is bound with transcortin and albumin. Among the products of the human 
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adrenal cortex, only Cortisol is involved in the regulation of ACTH secretion. As the 
level of free (non-protein bound) Cortisol in serum rises, the release of ACTH is 
inhibited by the negative feedback effect. Conversely, if Cortisol levels are subnormal, 
the negative feedback decreases, ACTH levels rise, and the adrenal cortex secretes 
Cortisol until normal serum levels are restored 
The release of ACTH is under control of hypothalamic corticotrophin-releasing 
hormone (CRH); the negative feedback system involving Cortisol has been identified 
at both hypothalamic and pituitary levels (Foster and Dunn, 1974). 
Normally during the day, there is a fluctuation of Cortisol achieving the highest level 
in the morning and the lowest in the night. Useful information can be obtained when 
Cortisol measurement is done in samples withdrawn at a fixed hour (DeLacerda et al, 
1973). 
Following injury, the degree of Cortisol elevation is dependent on the degree of 
systemic stress. Any type of stress, whether physical or neurogenic, causes an 
immediate and marked increase in ACTH secretion by the anterior pituitary gland, 
which initiates sudden increase in Cortisol level and in turn, glucocorticoid response. 
Measuring serum Cortisol during surgery indicates the extent of immediate stress. 
Cortisol increases rapidly following the start of surgery, as a result of stimulation by 
ACTH, from baseline values of around 400 nmol litre"*, concentrations increase to a 
maximum at about 4-6 h, and may reach >1500 nmol litre'* depending on the severity 
of the surgical trauma (Nicholson G, 1998). Elevations in corticotropin-releasing 
hormone and ACTH are typically proportional to the severity of injury. Pain, anxiety, 
vasopressin, angiotensin II, cholecystokinin, vasoactive intestinal polypeptide (VIP), 
catecholamine, and proinflammatory cytokines are all prominent mediators of ACTH 
release in the surgical patient. 
The elevated plasma Cortisol level continues in the postoperative period depending 
upon continued and added stress to the patient. A feedback mechanism operates; 
increased concentrations of circulating Cortisol inhibit ftirther secretion of ACTH. 
This control mechanism appears to be ineffective after surgery so that concentrations 
of both hormones become high (Rivier and Vale, 1983; Desborough, 2000). 
Intravenous administration of Cortisol to the normal subjects was associated with 
lesser metabolic changes as compared to that seen during surgery (Bessey et al, 1984). 
Cortisol has complex metabolic effects on carbohydrate, fat and protein. It promotes 
protein breakdown and gluconeogenesis in the liver. Glucose use by cells is inhibited, 
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so that serum glucose concentrations are increased and inhibition of various immune 
responses (Baue, 2003). 
Cytokines may increase the release of Cortisol although this has only been 
demonstrated in vitro and cytokine production is limited by Cortisol in a negative 
feedback system. Thus, the Cortisol response to surgery limits the severity of the 
inflammatory response (Burton et al, 2004). Angiotensin II and Aldosterone also 
serve as direct stimulants of Cortisol secretion following injury. 
Cortisol cannot be considered as single marker for assessing the stress response to 
surgery as its concentration is dependent on other variables (Hall, 1989). However, 
Cortisol response has been extensively studied following surgical and anaesthetic 
interventions by various researchers (Table 2-8). 
l.lOJ.Serum Glucose response 
Serum glucose concentrations increase following start of surgery. Cortisol and 
catecholamines facilitate production of glucose as a result of increased hepatic 
glycogenolysis and gluconeogenesis. In addition, peripheral use of glucose is 
decreased. Serum glucose concentrations are related to the intensity of the surgical 
injury (Wilmore et al, 1980) and the changes follow closely the increases in 
catecholamines. The usual mechanisms that maintain glucose homeostasis are 
ineffective in the perioperative period. Hyperglycaemia persists because catabolic 
hormones promote glucose production and there is a relative lack of insulin together 
with peripheral insulin resistance. The serum glucose concentrations may increase 
>200 mg dl ' after cardiac surgery (Wallace and Starr, 1996). The incidence of wound 
infection increases especially in diabetics where it leads to delayed wound healing and 
hence delayed discharge from the hospital. 
2.10.4.Other mediator changes 
2.10.4.1. Insulin 
Insulin is a key anabolic hormone (Desborough, 1993) and exerts global anabolic 
effects. It is derived from pancreatic beta islet cells and released by stimulation of 
certain autonomic neural input. It is a polypeptide with two chains (of 21 and 30 
amino acids) linked by two disulphide bridges. Insulin promotes the uptake of glucose 
into muscle and adipose tissue and the conversion of glucose into glycogen and 
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triglycerides. Insulin release has a negative feedback mechanism with its substrate 
(glucose). 
In the injured patients, biphasic pattern of insulin release is observed. The first phase 
occurs within few hours after injury and manifested as a relative suppression of 
insulin release, reflecting the influeiice of catecholamine and sympathetic stimulation. 
The later phase is characterized by return to normal or excessive insulin release (Lin 
et al, 1998). Insulin concentrations may decrease after the induction of anaesthesia, 
and during surgery as there is often a failure of insulin secretion to match the 
catabolic, hyperglycaemic response. This may be caused partly by a-adrenergic 
inhibition of P-cell secretion. In addition, there is a failure of the usual cellular 
response to insulin, the so-called 'peripheral insulin resistance', which occurs in the 
perioperative period and ratio of insulin to glucose is sometimes used as a predictor of 
prognostic factor for survival. 
2.10.4.2. Glucagon 
Glucagon is the product of pancreatic a-islet cells. As with insulin, the release of 
glucagon is mediated by its substrate, autonomic neural input and other hormones. In 
contrast to insulin, it exerts catabolic role. This hormone promotes hepatic 
glycogenolysis. It also increases gluconeogenesis fi-om amino acids in the liver and 
has lipolytic activity. 
Although Desborough (2000) observed that plasma glucagon concentrations increase 
transiently after major surgery without making a major contribution to the 
hyperglycaemic response, most studies of glucagon metabolism following non-
thermal injury find no increase in plasma concentration of glucagon until 12 h after 
injiuy (Gann and Foster, 1994). During a surgical operation, there is an immediate 
decrease in the glucagon level, which returns to baseline 12 h later, again increases 
above baseline 24 h later, and then returns to normal by 3 days (Miyata et al, 1976; 
Gann and Foster, 1994). 
2.10.43. Thyroid hormones 
Thyroxine (T4) and tri-iodothyronine (T3) are secreted into the circulation fi-om the 
thyroid gland under the influence of thyroid-stimulating hormone (TSH). The fi^e 
thyroid hormones in the plasma, though much smaller in amount than the bound form. 
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are metabolically active. There is a close association between the activity of thyroid 
hormones and the catecholamines. 
In general, epinephrine and norepinephrine increase the metabolic rate and stimulate 
the nervous system. The thyroid hormones increase the number and affinity of P-
adrenorceptors in the heart and ultimately, increase the sensitivity of the heart to the 
actioii of catecholamines. 
Following major operations, peripheral conversion of T4 to T3 is impaired, resulting 
in reduced circulating concentrations of both free and total T3; in part, this is the 
result of a cortisol-mediated block of T4 to T3 conversion and of increased 
conversion to the biologically inactive molecule, reverse T3 (Gann and Foster, 1994). 
An increase in reverse T3 is also characteristic of injury (Becker et al, 1980; Gann and 
Foster, 1994). Concentrations of total and fiee T3 return to normal after several days. 
Following thermal injury, levels of both thyroxines (free T4 and free T3) and TSH are 
decreased, indicating failure of the negative feedback mechanism between them 
following injury (Gann and Foster, 1994). 
2.10.4.4. Macrophage Inhibitory Factor 
Macrophage inhibitory factor (MIF) initially identified as a T lymphocyte-derived 
inhibitor of macroph^e migration, is a glucocorticoid antagonist produced by 
anterior pituitary. It potentially reverses the immunosuppressive effects of 
glucocorticoids systemically via anterior pituitary secretion and at the local sites of 
inflammation where MIF is produced by T lymphocytes. 
2.10.4.5. Endorphin (opioid peptides) 
Circulating levels of endorphin rises following operation for as long as 72 hours 
(Baue, 2003). They produce some analgesia and calming effect, along with other 
receptor interactions. The endogenous opioid system modulates noxious stimuli and 
the sympathetic response. Alkaloid compounds similar to morphine and codeine are 
also produced in the central nervous system. 
2.10.4.6. Beta Endorphin 
Beta-endorphin is derived fiom the same precursor the pro-opiomelanocortin as that 
of endorpMn and is released concomitantly with ACTH fi«m the anterior pituitary. 
Therefore, the pattern of response is similar to that of ACTH and hence may 
contribute to hyperglycemia and glucose intolerance secondary to injury. Many 
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metabolic, honnonal, cardiovascular and analgesic changes associated with surgery 
have been associated with its' increased circulating levels. However, Lacoumenta et 
al (1986) has questioned this hypothesis and suggested that this hormone is not 
concerned with the modulation of any of these stress responses during surgery. At 
present, p- endorphin is viewed merely as marker of anterior pituitary secretion. 
2.10.4.7. Gonadotrophins 
The gondotrophins. Luteinizing hormone (LH) and Follicle stimulating hormone 
(FSH), are secreted fix)m the anterior pituitary. Testosterone concentrations are 
decreased for several days, while LH concentrations show variable changes (Woolf et 
al, 1985). They have not been directly implicated in surgery-induced systemic stress 
response. 
2.11. IMMUNE OR CYTOKINE RESPONSE TO SURGERY 
Many of the responses secondary to the surgical injury remained unexplained for long 
times, especially the persistence of systemic inflammation, progression of organ 
dysfunction and even late mortality, \v4iich indicate the presence of other potent 
mediators influencing the surgical response (Smith et al. ,1989; Khansari et al, 1990; 
Edwards et al, 1990; Abraham, 1991). Extensive search by dedicated investigators 
revealed a whole new large group of mediators called Cytokines responsible for the 
neuro-endocrine response following trauma and surgical operation. Immune response 
to surgery is shown in figure 2-3 and the inflammatory and anti-inflammatory 
response to surgery and its end results are shown in figure 2-4. 
Cytokines are small low-molecular-weight proteins or lipids (Polypeptides or 
Glycoproteins) and are synthesized by immunocytes. These micromolecules are 
indispensable in tissue healing and in iirunune response generated against microbial 
invasions (Lin et al, 1998), and have local as well as systemic effects. 
Cytokines which include interleukins and interferons, are shown in the table 2-7 along 
with their principal sources of secretion and biologic effects. 
The local effects of cytokine release include migration of neutrophils, lymphocytes 
and monocytes into the inflamed area as a result of increased permeability of the 
endothelium adhesion molecules and chemotactic cytokines such as IL-8. Systemic 
changes includes neutrophilia, fever, adreno-corticotrophic hormone release, decline 
in circulating zinc and iron; and synthesis and production of acute phase proteins by 
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the liver which include C-reactive protein (CRP), fibrinogen, a 2-macrogIobulin and 
other anti-proteinases. The increase in serum concentrations of CRP follows the 
changes in IL-6 (Sheeran and Hall, 1997). 
The cytokines act on membrane bound receptors on many different target cells and 
activate the signal transduction pathway which involves the protein phosphorylation. 
Some cytokine receptors have intrinsic en2yme activity and some receptors which 
have no such activity, need a mechanism for linking with specific cytoplasmic 
proteins with enzyme fimction. Signal transduction and gene transcription are 
currently area of intense research as they offer possibilities for intervention and 
modulation of cytokine effect (Lin et al, 2003). 
In their biologically active form, some of these cytokines function as oligomers, e.g., 
trimeric Tumor Necrosis Factor-alpha. Their appearance after surgery indicates active 
gene transcription and translation by the stimulated (stressed) cell. After major 
surgery, the main cytokines released are interleukin-I (IL-I), tumour necrosis factor- a 
(TNF-a) and IL-6. IL-1 stimulates the production and release of more cytokines, in 
particular, IL-6, the main cytokine responsible for inducing the systemic changes 
known as the acute-phase response (Sheeran and Hall, 1997). Many more cytokines 
have been discovered in recent years. 
Basically immune response to anaesthesia and surgery is a beneficial reaction, needed 
in local defence and wound healing and preventing the body fi-om making auto-
antibodies against its own tissues. Prolonged acute inflammatory response may 
contribute to the development of post-operative complications, infection and spread of 
malignant diseases (Salo, 1992). However, a series of investigations revealed the 
integral relationship of immune mediators to the hormonal metabolic response to 
surgery. 
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Table 2-7: Cytokines with tlieir Principal Sources and Biologic Effects 
CYTOKINES 
Tumor 
Necrosis 
Factor-alpha 
(TNF-o) 
Lymphotoxin-
a 
(LT-a) 
Interferon-a 
(IFN-a) 
Interferon-P 
aFN-P) 
Interferon-y 
(IFN-7) 
SOURCES 
• Monocyte/ Macrophage 
• Kupffer cells, 
• T- Lymphocytes, 
• NK cells, 
• Mast cells 
• Neutrophils, 
• Astrocytes, 
• Endothelial cells, 
• Adipocytes, 
• Dendritic cells, 
• Osteoblasts, 
• Adrenal cortical cells, 
• Keratinocytes 
TH1,NK 
Leukocytes 
Fibroblasts 
• Monocyte/ Macrophage 
• T-Lymphocyte, 
• Natural Killer Cell 
BIOLOGIC EFFECTS 
• t Neutrophil Activation, 
Migration, Degranulation, 
• Superoxide Production and 
Release, 
• t Monocyte/Macrophage 
Differentiation, 
• t IL-6 Induction, 
• Leukocyte Adhesion, 
• Vascular Endothelial 
Permeability, 
• Neovascularisation, 
• Fibroblast Proliferation 
• Collj^en Synthesis, 
• t Endothelial Procoagulant 
Activity, 
• t Wound Healing 
SameAsTNF 
• t Expression Of Cell 
Surface Class IMHC 
Molecules 
• i Viral Replication 
Same as IFN-A 
• t Monocyte/ Macrophage 
Activation, 
• Neutrophil Activation, 
• t Expression Of MHC Class 
I & II Surface Antigens, 
• 1 Monocyte/Macrophage 
Oxidative And Cytotoxic 
Activity, 
• Overall Lymphocyte 
Proliferation, 
• T TNF- A , And 
• jlL-ip Activity 
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Table 2-7 (Contd.): Cytokines with their Principal Sources and Biologic Effects 
CYTOKINES 
Interleukin-
la (IL-la) 
Interleukin-
(IL-lp) 
InterIeukin-2 
aL-2) 
SOURCES 
• Monocyte/ Macrophage 
• T-Lymphocyte 
• Keratinocytes 
• Others 
• Monocyte/Macrophage 
• T-Lymphocyte 
• Natural Killer Cell 
• Endothelial Cell 
• Epithelial Cell 
• Keratinocyte 
• Fibroblast 
• Neutrophil 
• Dendritic Cell 
•THl 
•T-Lymphocyte 
BIOLOGIC EFFECTS 
• t Neutrophil Release fix)m 
Bone Marrow, 
•t Neutrophil Activation, 
Migration, Degranulation 
•t Superoxide Production, 
•t Monocyte/Macrophage 
Differentiation, 
•t IL-6 Induction, 
•t Endothelial Procoagulant 
Activity, 
•t Leukocyte Adhesion, 
•t Vascular Endothelial 
Permeability, 
• t Neo-Vascularisation, 
• t Fibroblast Proliferation 
• t Collagen Synthesis 
• t Wound Healing 
• t T-Lymphocyte Activation 
Proliferation, 
•t Neutrophil Release from 
Bone Marrow, 
•t Neutrophil Migration, 
• t Monocyte/ Macrophage 
Differentiation, 
•1 Pain Perception through 
bicreased Endorphin 
Release & Brain Opiate-
Like Receptors, 
•t IL-6 Induction, 
• t Wound Healing 
In Combination With Other Stimuli: 
• t Proliferation of T Cells; 
• t Proliferation of Activated 
B-Cells; 
• t Secretion of Cytokines by 
T- Cells; 
• t Cytotoxicity of NK Cells, 
• t Overall 
Immunocompetence, 
• t Cytotoxic T-Lymphocyte 
Proliferation, 
• t Reticuloendothelial 
System Activity, 
• tGut Barrier Immimity 
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Table 2-7 (Contd.): Cytokines with their Principal Sources and Biologic Effects 
CYTOKINES 
Interleukin-3 
aL-3) 
Interleukin-4 
aL-4) 
Interleukin-5 
(IL-5) 
Interleuldn-6 
aL-6) 
Tnterl£ukin-}i 
(IL-8) 
Interleukin-9 
aL-9) 
SOURCES 
•T-Lymphocyte 
-
.Th2 
•T Lymphocyte 
•Mast Cells 
• Monocyte/ Macrophage 
• T-Lymphocyte 
• Fibroblast, 
• Endothelial Cell 
• Monocyte/ Macrophage 
• T-Lymphocyte 
• Endothelial Cell 
• Platelet 
• Th2 
BIOLOGIC EFFECTS 
•t Stimulation of Piuripotent 
Bone Marrow Stem Cells, 
• t Production of Leukocytes, 
•1 Production of Erythrocytes 
•t Production of Platelets 
• t Promotes Growth and 
Differentiation of B Cells; 
• t Promotes Differentiation of 
CD4+ T Cells into TH2 cells 
•i Secretion of Proinflammatory 
Cytokines by Monocytes/ 
Macroplu^e 
• t Production of Eosinophils 
From Myeloid Precursor Cells 
• Induces Fever; 
•t B-Cell Maturation and 
Differentiation; 
• Stimulates Hypothalamic-
Pituitary-Adrenal Axis 
•t Hepatic Synthesis of 
Acute-Phase Proteins 
•1 Fibroblast Antiviral Activity 
•t Lymphocyte Differentiation 
•T B-Lymphocyte 
Inmiunoglobulin Production, 
• t Hepatocyte Acute-Phase 
Protein Production, 
• t Prostaglandin Production 
•t Chemotaxis by PMN 
•t Oxidative Burst by PMN 
•t Chemotaxis of Neutrophils, 
Macrophages & Lymphocytes 
• t Promotes Proliferation of 
Activated T- Cells; 
• t Promotes Immunoglobulin 
Secretion by B- Cells 
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Table 2-7 (Contd.): Cytokines with their Principal Sources and Biologic Effects 
CYTOKINES 
Interleukin-10 
(IL-10) 
Interleukin-11 
aL-11) 
Interleukin-12 
(IL-12) 
Interleukin-13 
(IL-13) 
Interleukin-18 
(IL-18) 
Monocyte 
chemotactic 
protein-1 
(MCP-1) 
Granulocyte-
macrophage 
colony-
stimulating 
factor 
(GM-CSF) 
Granulocyte 
colony-
stimulating 
factor (G-
CSF) 
Erythropoietin 
(EPO) 
SOURCES 
• B-Lymphocyte 
• T-Lymphocyte 
• Neurons, 
• Fibroblasts 
• Others 
•Monocyte/Macrophage 
• Neutrophil 
• Keratinocyte 
• Dendritic Cell 
•Th2, 
•Others 
• Monocyte/ Macrophage 
• Others 
• Monocyte/ Macrophage 
• Endothelial Cells 
• Others 
• T-Lymphocyte 
• Fibroblast 
• Endothelial Cell 
• Stromal Cell 
• Monocyte/ Macrophage 
(M(t)) 
• Fibroblasts 
• Kidney Cells 
BIOLOGIC EFFECTS 
f| Inflammatory Cytokine 
Synthesis by Monocyte/ 
Macrophages & Lymphocytes 
• Modulates Inflammatory 
Activities of TNF- o, IL-lp, 
IL-6, IL-8 and IFN-y 
• t Production of Platelets 
• i Proliferation of Enterocytes 
• Stimulates T-Lymphocytes 
• t Lymphocyte and Natural 
Killer Cell Production, 
• t B-Lymphocyte Immunoglobulin 
Production, 
• t Haematopoiesis 
• I Secretion of Proinflammatory 
Cytokines by Monocyte/ 
Macrophage. 
• Co-Stimulation With IL-12 
of IFN-Y Secretion by THl 
Cells and NK Cells 
• t Chemotaxis by Monocytes 
• t Oxidative Burst by 
Macrophages 
• t Myeloproliferation of 
Monocytes, Neutrophils 
And Eosinophils, 
• t Chemotaxis of Neutrophils 
And Monocyte/ Macrophages 
• t Cytokine Production by 
Monocyte/ Macrophages 
• t Production of 
Granulocytes by Bone 
Marrow 
• t Production of 
Erythrocytes by Bone 
Marrow 
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Table 2-7 (Contd.): Cytokines with their Principal Sources and Biologic Effects 
CYTOKINES 
Transforming 
growth factor-
P 
(TGF-p) 
Granulocyte 
colony-
stimulating 
factor (G-
CSF) 
Erythropoietin 
(EPO) 
Transforming 
growth factor-
P 
(TGF-p) 
SOURCES 
• T Lymphocyte 
• Monocyte/ Macrophage 
• Platelets 
• Others 
• Monocyte/ Macrophage 
(M(|)) 
• Fibroblasts 
• Kidney Cells 
• T Lymphocyte 
• Monocyte/ Macrophage 
• Platelets 
• Others 
BIOLOGIC EFFECTS 
• t Chemotaxis by Monocytes & 
Fibroblasts 
• t Synthesis of Extracellular 
Matrix Proteins By Fibroblasts; •; 
Secretion of Cytokines by T-
Cells 
• i Immunoglobulin Secretion by 
B- Cells; 
• Down-Regulates Activation of 
NK Cells 
• t Production of 
Granulocytes by Bone 
Marrow 
• t Production of 
Erythrocytes by Bone 
Marrow 
• t Chemotaxis by Monocytes & 
Fibroblasts 
• t Synthesis of Extracellular 
Matrix Proteins By Fibroblasts; •I 
Secretion of Cytokines by T-
Cells 
• i Immunoglobulin Secretion by 
B- Cells; 
• Down-Regulates Activation of 
NK Cells 
M<|>, cells of the monocyte-macrophage lineage; MHC, major histocompatibility 
complex; NK, natural killer cells; PMN, polymorphonuclear neutrophils; THl, TH2, 
subsets of differentiated CD4+ T helper cells. (Adapted and modified from Lin et al 
(1998) and Alarcon et al (2007)). 
Activation of cytokine network and acute-phase responses in reaction to surgery 
induced injury is an area of intense research. Cytokine response to surgery involves 
non-specific inflammation, specific immune responses, haematopoiesis and tissue 
repair. 
Cytokines appear to be the most potent mediators of the inflammatory response. 
When they fiinction locally at the site of injury or infection, they perform damage-
control/ limit the injury or lunit the spread of infection & tend to eradicate invading 
microorganisms, and promote wound healing &repair. 
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Overwhelming production of pro-inflammatory cytokines in response to injiuy caa 
cause hemodynamic instability (i.e., septic shock) or metabolic derangements (i.e., 
muscle wasting). The exaggerated response may result in end-organ failure and death. 
Production of anti-inflammatory cytokines as part of the inflammation cascade serves 
to oppose the excessive actions of pro-inflanmiatory cytokines. Inappropriate anti-
inflammatory mediator release may render the patient immunocompromized and 
susceptible to overwhelming infections. Therefore, overlapping bioactivity is the rule 
for cytokine functions. 
l.ll.l.C-reactive proteins (CRP) 
C-reactive protein has traditionally been used to diagnose and monitor acute 
inflammation. It was named as such for its ability to bind and precipitate the C-
polysaccharide of Pneumococcus. It is an alpha globulin (MW 110-140 kD). CRP is 
synthesized in the liver and is normally present as a trace constituent of serum or 
plasma at levels less than 0.3 mg/dl (Berk, 1990; Macy, 1961; Kind, 1984; Kushner, 
1994; Yudkin, 1999). It has numerous physiological functions similar to those of 
immunoglobulins and acts as a host defence mechanism. 
CRP is one of the acute phase proteins, the circulatory levels of which rise during 
general, non-specific response to a wide variety of diseases, including infections by 
bacteria, acute phase of rheumatoid arthritis, abdominal abscesses and inflammation 
of the bile duct (Dowling, 1972). High levels of CRP may also be found in patients 
with some viral infections, tuberculosis, acute infectious hepatitis, many necrotizing 
inflammatory disease, bum and surgical trauma victims (Hedlund, 1961 and 1947; 
Schultz, 1990). Although the elevated levels of CRP are not indicative of any 
particular disease, the sudden rise of CRP does indicate an acute inflammatory 
process. CRP levels rise in circulation within 24-48 hours following acute tissue 
damage (Kushner, 1994), reach a peak (up to 1000 times the constitutive level) and 
decrease with the resolution of trauma or inflammation (Shine, 1981; Morley, 1982; 
Schultz, 1990). The elevated levels of CRP may last for several days before returning 
to the normal levels (Shine, 1981; Gerwurz, 1982; Dixon, 1984; Kushner, 1991). 
Since, elevated levels of CRP are always associated with pathological changes; the 
CRP assays provide useful information for the diagnosis and therapeutic monitoring 
of inflammatory processes and associated diseases. Measurement of CRP by high 
sensitivity CRP assays adds to the predictive value of other cardiac markers like 
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Myoglobin, CK-MB, cTnl and cTnT to assess the risk of cardiovascular and 
peripheral vascular disease (Tracy, 1997; Macy, 1997; Ridker, 1997 and 1998). In a 
study, CDC (Centre for Disease Control) has proposed that medical decision points 
established by prospective epidemiological studies be used to interpret individual 
patient CRP results in risk assessment for cardiovascular disease. 
With the advent of sensitive methodologies like ELISA, the use of high sensitivity 
CRP assays is becoming more of a routine aid in the determination of inflammation. 
Since CRP is not specific to a particular disease, CRP assay results should be used in 
conjunction with other historical, physiological and pathological findings. 
2.11.2.Tumor Necrosis Factor (TNF-a) 
Tumor Necrosis Factor (TNF-a), also known as cachectin, is a polypeptide cytokine 
produced by monocytes and macrophages (Molly, 1993). It exists in two distinct 
polypeptides TNF-a and TNF-fi which are antigenicaily different, yet binds to the 
same receptor. It shares central role with IL-1 in initiating the cascade of 
inflammatory mediators, cytokines, complements, and activation of leucocytes, 
lymphocytes and macrophages that make up the immune response. However 
overproduction of TNF-a can be disastrous to the host and this can be seen in various 
pathological condition as cachexia (Beutler, 1988), autoimmime disorder (Pujol-
Borrel, 1987), and meningococcal septicaemia (Girardin, 1992; Waage, 1987). 
The network of cytokines associated with the inflammatory response interacts at 
multiple points with other components of the host's defence against injviry (Figure 2-
3) and infection (Figure 2-4) and the coagulation system. Thrombosis and coagulation 
help contain the invading organisms to a limited area. TNF, IL-1, andIL-6 (as well as 
some other pro-inflammatory cytokines) can activate the extrinsic pathway of 
coagulation, in part by promoting expression of tissue factor (TF) and monocytes. In 
addition, these cytokines also down-regulate the expression of an important 
endogenous inhibitor of coagulation, thrombomodulin, on the surface of endothelial 
cells. Thus, TNF, IL-1, andIL-6 promote activation of the coagulation cascade (Hack, 
2000). Numerous studies have docimiented that the extrinsic coe^lation pathway is 
activated in patients vwth sepsis, even in the absence of clinically evident 
disseminated intravascular coagulation (DIC). It is, therefore, noteworthy that the 
inflammatory response leads to not only TF-mediat«i activation of coj^ation but 
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also down-regulation of these natural anticoagulant pathways (Esmon, 1994). The 
result is a hypercoagulable state that in its most severe form is characterized by DIC. 
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Figure 2-3: Immune response to surgery and infection 
NK=natural killer cell, ROS=reactive oxygen species, CD=cluster of differentiation, 
Ig=Immunoglobin and Th=T helper. 
(Adapted from 57th Refresher Course Lectures and Basic Science Review) 
49 
REVIEW OF LITERATURE 
Infection, Trauma, Thermal injury 
i 
Recovery Inflammation SIRS 
i i 
CARS MODS 
Figiire 2-4: Inflammatory and Anti-inflammatory Response to Surgery 
CARS=covmter anti-inflammatory response syndrome, MODS=multiorgan 
dysfunction syndrome, SIRS=systeniic inflammatory response syndrome. 
(Adapted from 57* Refresher Course Lectures and Basic Science Overview, 2007). 
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Three major anticoagulant pathways exist and all can be inhibited by the 
inflanimatory cascade: antithromhin, protein C system, and Tissue Factor pathway 
inhibitor. The protein C system is inhibited by decreased expression of 
thrombomodulin induced by TNF and IL-lp (Nawroth, 1986). In addition to its role in 
regulating coagulation, the protem C system also modulates the inflammatory 
response. Activated protein C binds to the endothelial protein C receptor. Activation 
of this signalling pathway inhibits LPS-induced NF-kB nuclear translocation and 
thereby mhibits secretion of TNF, IL-ip, IL-6, and IL-8 by monocytes (Okajima, 
2001) 
Circulating level of protein C decreases in patients with severe sepsis or septic shock, 
and a marked deficiency of protein C in these patients is a prognostic indicator for an 
unfavourable outcome (Fisher, 2000). Various strategies to inhibit excessive 
activation of the coagulation system were extensively evaluated both in animal 
models of endotoxaemia and sepsis and in clinical trials. One of these approaches, the 
administration of recombinant human activated protein C, also called drotrecogin 
alfa (activated), has been shown in a large multicenteric randomized clinical trial to 
significantly improve survival in patients with severe sepsis (Bernard, 2001). Tumor 
necrosis factor has multipotent modulator of immune response (Molly, 1993) and also 
acts as potent pyrogen action (Beutler, 1988; Dinarello, 1991). Owing to the varied 
actions throughout the immune system, it plays an important role in pathogenesis of 
many disease states as well as stress states (Waage et al, 1987) 
Following surgery, TNfF-a is among the earliest and most potent mediators of 
subsequent host responses. The primary sources of TNF- a synthesis include 
monocytes, macrophages and T cells, which are abundant in the peritoneum and 
splanchnic tissues. Furthermore, Kupffer cells represent the single largest 
concentrated population of macrophages in the hxraian body. Therefore, surgical or 
traumatic injuries to the abdominal viscera undoubtedly have profound influence on 
the generation of inflammatory mediators and homeostatic responses such as acute 
phase protein production. Although the half-life of TNF- a is less than 20 minutes, this 
brief appearance is sufficient to evoke maiiced metabolic hormonal changes and to 
activate mediators distally in the cytokine cascade. TNF- a activates coagulation 
system, promoting the expression or release of adhesion molecules, prostaglandin E2, 
platelet-activating factor (PAF),, glucocorticoids, and eicosanoids. Soluble (i.e., 
circulating) TNF receptors (sTNFRs) are proteolytically cleaved and the extracellular 
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domains of elevated membrane-associated TNFRs are readily detectable in acute 
inflammation, which represent an endogenous counter-regulatory response to 
excessive systemic TNF- ft activity. 
2.11.3.Cytokine and surgery 
In a prospective randomized controlled trial to find out the metabolic and 
inflammatory responses after l^aroscopic and open inguinal hernia repair, no 
significant difference in plasma stress hormones and cytokine (IL-6) levels between 
the groups was observed. CRP level was significantly higher (p<0.006) and degree of 
TNF suppression was statistically significant (p<0.005) in open hernia patients 
(Akhtar et al, 1998). The data presented by Seven et al (1999) showed that the 
laparoscopic surgery has less impact on oxidative stress than the conventional 
cholecystectomy. 
However, higher acute phase response in the form of significantly increase sL-selectin 
and TGF-P level was noted immediately following conventional (open) surgery 
(Sheen-Chen et al, 2002). 
Prostaglandins-mediated stimulatory effect of interleukin-1 on adrenocortical- Cortisol 
secretion was observed (Winter, 1990). Interleukin-1 beta augments release of 
norepinephrine, dopamine and serotonin in rat anterior hypothalamus (Shintani et al, 
2001). Several investigators have studied the response of serum cytokine after 
cholecystectomy (Biebuyck, 1990; Cruikshank et al, 1990; Baigrie, 1992; Cho et al, 
1994; Harmon et al, 1994; Jakeways et al, 1994; Kloosterman et al, 1994; Bellon et al, 
1997) and following other major surgery (Lennard et al, 1985). 
In various experimental animal models, the difference in tumor cell proliferation and 
immune function after laparoscopy and laparotomy were studied (Bessler et al., 1994; 
Jacobi et al., 1996; AUendorf et al., 1995; Bouvy et al., 1996; Lopes et al., 2001), and 
found laparotomy stimulates a greater tumor growth than C02 pneumoperitoneum. 
Cellular immune function was better preserved in animals subjected to C02 
pneumoperitoneum than in the laparotomised animals and they suggested an inverse 
relationship between immune response and tumor growth, i.e., the weaker the immune 
response, the greater the tumor growth. Cytokine responses to surgery are given in 
table 2-9. 
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2.11.4.The Acute Phase response 
The acute-phase response is set up to limit tissue damage, isolate and destroy infective 
organism and to activate repair processes that are necessary to return the host to the 
normal function. Usually this response lasts a few days only. However, in cases of 
chronic inflammation/ stimulation, the continuation of some aspect of the acute-phase 
response may contribute to the imderlying damage that accompanies the disease as in 
case of rheumatoid arthritis (Sheeran and Hall, 1997). 
Acute-phase response consists of: 
Alteration of temperature set point and generation of febrile response, mediated 
through production of PGE2. 
Change in plasma protein composition. 
Increase in number of granulocytes in peripheral serum 
IL-1 & IL-6 stimulates the secretion of ACTH and consequently production of 
Cortisol. As corticosteroids inhibit cytokine gene expression, a negative feedback 
mechanism starts. 
1. Production of acute-phase proteins in the liver like C-reactive proteins, 
fibrinogen, and a2-macroglobulin 
2. Increase in serum ceruloplasmin and serum copper 
3. Decrease in serum concentrations of albumin, transferrin, zinc and iron 
2.11.5.Inductioii of Acute Phase Response 
Macrophage or monocyte starts the acute-phase response at the site of tissue injury, 
by releasing broad spectrum of mediators. These mediators, of which IL-1 and TNF-
a are important, initiate next series of reactions. These cytokines act locally (on 
stroma cells-fibroblasts and endothelium) and distally, resulting in a secondary phase 
of cytokine release (Baumann, 1994). 
Within 30 - 60 min after the start of surgery, IL-6 concentration increases; the change 
in concentration becomes significant after 2 - 4 hours. The largest increases in IL-6 
occur after major procedures such as joint replacement, major vascular and colorectal 
surgery. The IL-6 response to surgery reflects the extent of tissue damage 
(Cruickshank, 1990). After these operations, cytokine concentrations are maximal at 
about 24 hours and remain elevated for 48 - 72h postoperatively. The systemic 
production of IL-6 increased following acute inflammation (Ohzato et al, 1993). 
53 
REVIEW OF LITERATURE 
2.11.6.Interactioii between Immune System & Neuro-endocrine System 
The cytokines IL-land IL-6 can stimulate secretion of ACTH from isolated pituitary 
cells in vitro. In patients after surgery, cytokines may augment pituitary ACTH 
secretion and subsequently increase tiie release of Cortisol. A negative feedback 
system exists, so that glucocorticoids inhibit cytokine production. The Cortisol 
response to surgery is enough in depressing the IL-6 concentrations (Jameson et al, 
1977). 
2.12. ENDOCRINE AND MOLECULAR RESPONSES TO 
SURGERY 
Surgical stress activates the higher cortical centre of the brain as well as the spinal & 
baroreceptor reflexes that stimulate the hypothalamus to secrete CRH. CRH 
stimulates the release of ACTH from the pituitary gland, which causes the release of 
glucocorticoids from the adrenal cortex. Simultaneously, in a parallel fashion, surgical 
stress activates the sympathetic system to release catecholamines. Glucocorticoids 
and catecholamines are the major effectors of stress adaptation and interact at 
multiple levels in a synergistic fashion. They bind to specific receptors and this 
receptor occupancy results in short-term and long-term effects that ultimately improve 
the host's prospects of tolerating the stressfiil event. The short-term effects result in 
rapid actions, such as cardiovascular and metabolic responses that benefit the host in a 
"fight or flight" reaction. The long-term effects generally occur through alterations in 
gene transcription that prepare the host for repetitive or chronic stress. Changes in the 
phosphorylation state of intracellular proteins are a common mode of action for both 
the short-term and long-term responses. 
These stress-responsive proteins have an enormous functional capacity: they alter 
enaymatic pathways, modulate hormone levels, and act as transcription factors to 
modify the expression of stress-responsive genes. During the last decade, considerable 
progress has been made in the understanding of the complex signal transduction 
pathways mediating these responses. The importance of the heat shock proteins 
(HSPs) in the host response to acute stress and their intimate association with 
activation of the HPA axis and sympathetic nervous system have been recently 
appreciated. The HSPs are likely to be induced early during organ rejection or 
ischemia and thus serve as diagnostic as well as prognostic indicators. 
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2.13. EFFECTS OF Al^AESTHESIA ON Sf ftESS RESPONSE TO 
SURGERY "^  
Anaesthesia has no direct effect on the cytokine response to surgery but by 
modulating the neurohonnonal stress response, anaesthesia may indirectly affect the 
immune system of surgical patients. Thus surgical trauma and anaesthetics may cause 
immune suppression, leading to an increased susceptibility to postoperative infection 
and tumour spread. 
Regional anaesthesia attenuates the stress response and its associated effects on 
cellular and humoral immunity. Some anaesthetics may directly affect the functions of 
certain immune-competent cells. Immunosuppressive effects of anaesthetics may be 
particularly relevant in the intensive care unit where they are often used as long-term 
sedatives. On the other hand, anti-inflammatory effects of anaesthetics may be 
beneficial in distinct situations such as those involving ischaemia/ reperfiision injuries 
or the systemic inflammatory response syndrome (SIRS). 
2.14. CONVENTIONAL SURGERY AND STRESS RESPONSE 
The signals from operative site stimulate the hypothalamic-pituitary-adrenal (HPA) 
axis by the afferent nerves, and this initiates the chain of metabolic and hormonal 
response to surgery. The earliest consequence of surgical incision is rise in Cortisol. 
Associated with activation of adrenal cortex, there is the stimulation of adrenal 
medulla through sympathetic nervous system with elevation of catecholamines. 
Conventional operation results in higher metabolic, hormonal and systemic immune 
response than the endoscopic/ laparoscopic surgery (Joris et al, 1992; Suaxiki et al, 
1994; Glaseretal, 1995). 
2.15. MINIMALLY INVASIVE SURGERY AND STRESS 
RESPONSE 
Surgical technique plays an important role; laparoscopic procedures are associated 
with rapid recovery and early discharge from hospital. Laparoscopic surgery causes 
less tissue injury than conventional procedures (2 cms incision in laparoscopic 
cholecystectomy as compared to 6-9 cms incision in open cholecystectomy); 
therefore, laparoscopic surgery is associated with lesser increase in concentrations of 
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biochemical markers of inflammation such as IL-6 and the acute-phase protein su^h 
as CRP (Kehlet, 1977). However, the classical metabolic hormonal stress responses 
(catecholamines, Cortisol and glucose) to abdominal surgery such as cholecystectomy 
are often not changed significantly by reducing the surgical trauma. This suggests that 
stimuli for the stress response arise from visceral and peritoneal afferent nerve fibres 
in addition to those from the abdominal wall (Desboroi^, 2000). 
Laparoscopic cholecystectomy is becoming the choice of surgery for uncomplicated 
cholelithiasis because it inflicts less tissue trauma, and hence induces less acute-phase 
response throughout the course of woimd healing as compared to open 
cholecystectomy (Grande et al, 2002). 
The systemic stress response, as determined by delayed-type hypersensitivity 
response and leukocyte antigen expression on lymphocytes, shows a preservation of 
immune fimction after laparoscopic surgery, as compared with conventional surgery 
(Bunnen et al, 2004). 
2.15.1.The Effect of Anaesthesia on the Stress Response to Surgery 
2.15.1.1. General Anaesthesia 
Opioids: 
Morphine and other opioids suppress the hypothalamic and pituitary hormone 
secretion (McDonald et al, 1959) and consequently decrease the release of 
corticotrophin and Cortisol in normal and stress conditions. The role of morphine and 
other opioids have been well documented in decreasing stress response to cardiac 
surgery (Desborough and Hall, 1989). 
Administration of large doses of morphine (4 mg kg"') blocks the secretion of growth 
hormone and inhibits Cortisol release until the onset of cardiopulmonary bypass 
(CPB). 
Fentanyl (50 - 100 ^g kg"'). Sufentanil (20 ^g kg"') and Alfentanil (1.4 mg kg"') 
suppress pituitary hormone secretion until CPB (Desborough and Hall, 1989). 
However, profound physiological changes after the onset of CPB cannot be 
completely inhibited by opioids (Desborough and Hall, 1989). 
In lower abdominal surgery, fentanyl (50^g kg-1) suppresses the growth hormone, 
Cortisol and glycogenic changes during pelvic surgery (Hall et al, 1978). However, 
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systemic opioids were found relatively ineffective in preventing the stress response to 
upper abdominal surgery (Desborough et al, 1989). 
Propofol/Sufentanil: 
Propofol/ sufentanil Anaesthesia suppresses the metabolic and endocrine response 
during but not after lower abdominal surgery (Schricker et al, 2000). 
Etomidate/ Thiopentone: 
Etomidate is an imidazole derivative that interferes with the production of steroids in 
the adrenal cortex, and it blocks the synthesis of both aldosterone and Cortisol. A 
single induction dose of the drug was foimd to suppress the hormone production for 6 
- 12 hours (Wagner and White, 1984). The metabolic result of Cortisol inhibition was 
followed by a decrease in the glycaemic response (Lecoumenta et al, 1986). 
A recent study has examined adrenocortical function in critically ill patients after 
induction of anaesthesia with etomidate or thiopental (Absolom et al, 1999). Critically 
sick patients v^ o^ received etomidate have a lesser adrenocortical-Cortisol response 
than the control thiopental group (Absolom et al, 1999). 
Benzodiazepines: 
Midazolam, a benzodiazepine, attenuates the Cortisol response secondary to both 
peripheral and upper abdominal surgery (Crozier et al, 1987; Desborough et al, 1991). 
The site of action of the benzodiazepine is at the hypothalamic-pituitary level. So a 
direct inhibitory effect on steroid production cannot be excluded. 
Clonidine: 
Clonidine is a centrally acting antihypertensive drug, activates a2-adrenergic 
receptors (Aantaa and Scheinin, 1993). It reduces the sympathoadrenal and 
cardiovascular responses caused by noxious surgical stimuli. 
2.15.1.2. Regional Anaesthesia 
Epidural anaesthesia is associated with improved natural killer cell cytotoxicity and a 
reduced stress response (Koltun et al, 1996) 
Extensive epidural analgesia with local anaesthetic agents prevents the endocrine and 
metabolic responses to surgery in the pelvis and on the lower limbs. Epidural 
blockade from dermatomal segments from T4 to S5, established before the start of 
surgery, abolished adrenocortical and glycogenic responses in response to 
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hysterectomy, thereby preventing increases in Cortisol and glucose concentrations 
(Enquistetal, 1977). 
In upper abdominal or thoracic surgery, it is not possible to prevent pituitary hormone 
responses completely, even with extensive epidural local anaesthetic blockade. In a 
classical study by Bromage and colleagues (1971), epidural block up to the C6 
dermatome inhibited glycaemic changes but not the increases in Cortisol 
concentrations in response to upper abdominal and thoracic surgery. Inadequate or 
incomplete afferent somatic and sympathetic neural blockade which allows pituitary 
activation and hence Cortisol release from the adrenal cortex under the influence of 
ACTH; at the same time, blockade of efferent nerves to the adrenal medulla and the 
liver inhibits hyperglycaemic responses. It is often observed that no technique has 
consistently abolished the stress responses secondary to upper abdominal or thoracic 
surgery. 
2.15.2.The Stress Response and Surgical Outcome 
The hormonal metabolic response to surgery is a complex process. It is important to 
reduce the deleterious effects of hypertension and tachycardia during surgery, 
particularly in patients with ischaemic heart disease. Modem anaesthetic practice and 
newer surgical techniques strive to suppress sympathetic responses so as to maintain 
cardiovascular stability. 
Thus stress response may be modified to certain extent by selecting specific 
anaesthetic technique, especially with the application of local anaesthetics and neural 
blockade singly or in combination with general anaesthesia. 
Furthermore, refinement of surgical techniques may also have some benefit in 
reducing the inflammatory responses. Cytokine release is reduced in minimally access 
surgery such as laparoscopic techniques, leading to quicker recovery and discharge. 
However, normothermia, normovolaemia, normocarbia, good oxygenation, 
haemodynamic stability and proper plane of surgical anaesthesia are the well-
established hallmark factors and their adequate maintenance along with the refined 
surgical technique is much more important for better control of the surgical stress than 
the refined surgical technique alone. On the other hand, poorly performed surgery 
may result in adverse systemic stress response with unfavourable outcome in spite of 
the best possible peri-operative anaesthetic management as is commonly seen in the 
clinical anaesthetic practice. 
58 
REVIEW OF LITERATURE 
Nutrition also plays a major part in preventing the adverse effects of the stress 
response. Enteral feeding, in particular immvmonutrition (glutamine, arginine, omega-
3 fatty acids) has been shown to improve recovery (Burton et al, 2004). There may 
also be a role of hormone manipulation as growth hormone and anabolic steroids may 
modulate the surgical stress towards improved outcome, and insulin infusions, with 
and without simultaneous glucose administration, may also reduce excess protein 
breakdown (Burton et al, 2004). Hence an 'intensive' approach is likely to be costly in 
terms of personal expenses but can be rewarded with early discharge from hospital, 
reducing the overall expenditure (Kehlet, 1999). Kehlet advocates a 'multimodal' 
approach to accelerate postoperative recovery (Kehlet, 1997). However, there is no 
consistent method of suppressing the endocrine metabolic changes and it is still 
uncertain whether this benefits long-term outcomes though short-term clinical 
efficacy appears undeniable. 
Table 2-8: Hormonal Metabolic Responses in Different Studies 
Authors 
Lacoumenta 
et al (1987) 
Pither et al 
(1988) 
Joris et al 
(1992) 
Mealy et al 
(1992) 
Redmond 
(1994) 
Glaser et al 
(1995) 
Surgery &/or 
Anaesthesia 
Pelvic surgery 
(fallopian tube surgery): 
40 patients divided in 
two groups: 
Gr.l=GA+fentanyl 
(15^gmKg-l), 
Gr.2= GA+0.5% 
Halothane 
Open cholecystectomy 
(N=20); 
Group A:- GA+ 
intercostal nerve block. 
Group B:- GA oidy. 
LC vs. OC 
LC vs. OC 
LC vs. OC 
LC (n=40) vs. OC 
(n=18) 
Main Results 
• Cortisol estimation; 
• Sampling- preinduction, 20min, 30min, 
1 h, 2 h, 4 h and 6 hafler start of 
surgery; 
• Significant differences (p<0.001) 
between two groups after 20min, Ih, 4 
h 
in terms of Cortisol response 
• Cortisol by radio-inununoassay; 
• Sampling timel, 30,90,150,210,270 
and 390 mins. 
• t Cortisol in both groups; 
• Intergroup difference insignificant. 
• No difference in catecholamine and 
Cortisol response between two groups; 
• i glucose response in LC 
• No difference in urinary Cortisol 
between 
OC and LC groups 
• No difference in serum Cortisol level 
Between LC & OC groups. 
• i Epinephrine and norepinephrine in 
LC 
as compared to OC group 
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Table 2-8(Contd.): Hormonal Metabolic Responses in Different Studies 
Authors 
Ortega et al 
(1996) 
Karayiannaki 
s 
etal 
(1997) 
Aono et al 
(1998) 
Joris et al 
(1999) 
Kristiansson 
et al (1999) 
Schricker 
et al (2000) 
Uzunkoy et al 
(2000) 
Bozkurt et al 
(2000) 
Surgery &/or 
Anaesthesia 
LC (n=10) vs. OC 
(n=10) 
LC (n=41) vs. OC 
(n=42) 
LC under 3 anaesthetic 
techniques: LGA 
(sevoflurane and N20 
by mask), 2.GA + 
fentanyl (4 ngm Kg-1) 
3.GA+ continuous TEA. 
LC vs. OC 
LC (n=8) vs. OC (n=8) 
Benign uterine myoma: 
Gp.l (n=10): infusion of 
propofolH- sufentanil 
Gp.2 (n=10): enflurane 
laparoscopic vs. open 
hernia repair 
Surgery for acute 
abdominal pain: 
Laparoscopy (n=15) 
Laparotomy ( n=14) 
Main R^ults 
• Plasma and urinary epinephrine and 
norepinephrine and serum glucose 
noted; 
• EPI & NE responses were similar in 
both 
the groups; 
• Differential hormonal responses in 
immediate & late postoperative period; 
• ts-Glucose in LC group. 
• Plasma Cortisol, E, NE, glucose, IL-6 & 
CRP measured at 4, 8,24 h after 
surgery 
• t in both OC & LC, significantly higher 
in open group (p<0.05) 
• t Cortisol in all the 3 anaesthesia 
techniques 
• Hypothalamic-pituitary adrenal axis 
response cannot be blocked completely 
even by combined regional and general 
anaesthesia. 
• Burst of catecholamine release during 
creation of pneumo-peritoneum & 
manipulation which was controlled by 
nicardipine infusion 
• Similar Norepinephrine and 
Epinephrine 
responses in LC & OC 
• 1 Plasma E & NE during anaesthesia 
and 
post-operatively more in Gp. I as 
compared to Gp. 2. 
• Cortisol at 2,24 and 48 h after surgery. 
• Study in children; 
• Sampling-5min & 30min after 
induction 
of anaesthesia, and end of surgery; 
• E & NE level measured; 
• Significant t (p<0.001') in both groups; 
• Intergroup difference insignificant. 
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Table 2-8(Contd.): Hormonal Metabolic Responses in Different Studies 
Autliors 
Hendolin et al 
(2000) 
Le Blanc-
Louvry 
et al (2000) 
Kourakiis et 
al (2000) 
Brodner et al 
(2001) 
Holub et al 
(2002) 
Uen et al 
(2002) 
Marana et al 
(2003) 
Surgery &/or 
Anaesthesia 
LC (n=14) vs. OC 
(n=14) 
_ 
LC (n=14) vs. OC 
(n=14) 
Upper abdominal 
surgery (n=50); (Group 
A=GA), (Group B 
=GA+ EA) 
Major Urologic Surgery 
(n=30): 
Group 1- GA, 
Group 2- GA+ Intra-op 
TEA 
Group 3- multimodal 
approach (GA and 
intraop TEA, postop 
patient-controlled TEA) 
Endoscopic versus 
abdominal hysterectomy 
(n=77) 
LC(n=95): 
Conventional C02 
insufflation vs. 
abdominal lift 
Benign ovarian cyst: 
Laparoscopy-(group 1), 
Minilaparotomy-
(group2) 
Laparotomy-(group3) 
Main Results 
• 1 h before & 24 h after surgery; 
• p-catecholamine level measured; 
• Comparable response in both groups 
• urinary catecholamine metabolites 
noted; 
• 1 level intra-operatively as compared to 
preop level (p<0.05); 
• Postoperatively metabolites were lower 
in LC group (p<0.05) 
• Sampling during surgery, 24 hrs & 72 
hrs 
post-op; 
• Cortisol response less pronounced in 
group B(p<0.01) 
• Plasma and urine catecholamines. 
Cortisol, the nitrogen balance, nutrition 
index, pain relief, fatigue, sleep, 
recovery of bowel function, and time of 
mobilization were recorded up to 5* 
postop day. 
• Levels of s-catecholamines and Cortisol 
were comparable in all pts; 
• Group 3- j levels of U-catecholamine 
• Significant t in serum Cortisol cone, in 
both the groups; 
• Less intense stress response in 
endoscopic group (p<0.05). 
• Urinary Cortisol measured; 
• Insignificant differences between the 
two 
groups. 
• t Epinephrine (E) & norepinephrine 
(NE) 
during intraoperative and early post-
operative period in group 1; 
• More marked changes in group 2 & 3 
(p<0.01); 
• Higher values of NE at beginning and 
end of surgery (p <0.001) 
• t ACTH and Cortisol cone. limited to 
intraop & early post operative period in 
groupl; 
• Changes were more marked in groups 2 
and 3 
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Table 2-8(Coiitd.): Hormonal Metabolic Responses in Different Studies 
Authors 
Haq et al 
(2004) 
Migneault et 
al(2004) 
Ruzic et al 
(2005) 
Haleem et al 
(2008) 
Surgery &/or 
Anaesthesia 
LC (n=16) vs. OC 
(n=14) 
Abdominal 
gynaecological 
procedures 
(n=30) 
BPH surgery (n=80): 
3 approaches: 
1. Transurethral incision 
of prostrate (TUIP), 
2.Transvesical 
prostatectomy (TP), 
3.Transurethral 
resection of prostrate 
(TURP). 
LC(n=21) vs. OC 
(n=21) 
Main Results 
• Serum adrenaline and noradrenaline; 
• t Significantly in post-op period in 
both 
the groups; 
• Changes were more significant in open 
group. 
• Listening to music and therapeutic 
suggestions studied under GA; 
• EPI, NE, Cortisol & ACTH measured; 
• Similar hormonal responses in musical 
and non-musical groups. 
• 24 hour urinary Cortisol tbefore surgery 
in all 3 groups; 
• t concentration even at 3rd day after 
surgery; 
• TP caused maximum and TURP least 
changes. 
• Meeisured s-Cortisol and s-Glucose; 
• Sampling preop, V2 hr after incision, 
end 
of surgery, postop daysl & 4; 
• t Response in both groups; 
• Greater intra-op response in LC with 
early post-op normdization; 
• Persistent response in both intra-op and 
post-op period in OC group 
The cytokine responses pertaining to surgery in different studies is depicted in tabular 
form below. 
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Table 2-9: Cytokine Responses to Surgery 
Authors 
Ohzato et al 
(1992) 
Belldn et al 
(1997) 
Di Padova 
et al (1991) 
Chambrier et 
al (1996 and 
1997) 
Karayiannakis 
et al (1997) 
Akhtar et al, 
(1998) 
Hewitt et al 
(1998) 
Surgery &/or 
Anaesthesia 
Abdominal surgeries. 
(n=71) 
LC (n=14) 
vs. 
0C(n=14) 
Elective surgeries 
N=22 pts, 
Cholecystectomy under 
inhalational anaesthesia 
Ibuprofen suppositories 
(500 mg) and every 8 hr, 
until the third postop day 
or placebo were 
administered 12 and 2 
hours before surgery. 
42 patients.LC vs. OC, 
laparoscopic and open 
inguinal hernia repair 
Laparoscopic-assisted 
vs. open surgery for 
colorectal cancer 
in Different Studies 
Main Results 
Serum IL-6, CRP estimation; 
Sampling postop up to 72 hr; 
tin s-IL-6 at 24 hours (A IL-6) and 
showed a close correlation with that of 
s-CRP at 48 hours (ACRP). 
IL-6, TNF-alpha, IL-10, and Cortisol, 
IL-1 beta, IL-10; 
TNF-alpha and Cortisol levels showed 
no significant differences (p> 0.05); 
Levels normalized by 7 days after 
surgery; Cytokine levels were higher in 
OC than in LC group 
IL-1 inhibitors, IL-1 beta, IL-6, TNF-
alpha, CRP and Cortisol level measured; 
Levels of IL-1 and TNF did not change 
after surgery; 
CRP levels peaked on day 2. 
Blood sampling: 24 and 2 hours before 
and 2,4,6,24,48, and 72 hours after 
surgery for glucose, CRP, ACTH, 
Cortisol, TNfF, IL-1 & IL-6; 
In both groups, Cortisol levels remained 
elevated for 3 days; 
IL-6 levels t gradually after skin 
incision until 6* postop hour; 
Cytokine level significantly lower 
(p < 0.05) in the Ibuprofen group. 
IL 6 and CRP level measured before. 
during and at 4, 8 and 24 h after postop. 
-IL-6 and CRP levels! significantly in 
the open cholecystectomy group. 
IL-6 up to 120 h postop; 
No statistical difference between 2 
groups; Significantly higher CRP level 
(p<0.006) and TNF suppression 
(p<0.005) in tiie open group was 
detected. 
Comparable immune effects found. 
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Table 2-9 (Contd.): Cytokine Responses to Surgery in Different Studies 
Authors 
Kristiansson 
et al (1999) 
Lausten et al 
(1999) 
Bruce et al 
(1999) 
Leung et al 
(2000) 
Janicki et al 
(2001) 
Nader et al 
(2001) 
Grande et al 
(2002) 
Surgery &/or 
Anaesthesia 
LC vs. OC 
(n=16) 
Patients with Post-
necrotic liver cirrhosis or 
Chronic hepatitis C were 
operated for 
symptomatic gallstone 
disease; 
LC and OC; (n= 28) 
LC(n=ll)and 
Minilaparotomy 
Cholecystectomy (MC, 
n=ll) 
Rectosigmoid 
carcinoma: 
Laparoscopic resection 
(n=17)vs. 
conventional open 
resection (n= 17) 
l.Open 
cholecystectomy 2. 
Abdominal wall lift, 
3.withC02 
pneumoperitoneum 
Lower-extremity 
Revascularization (n=7); 
Gp.l- Clonidine 0.2 mg 
(low dose), 
Gp 2-Clonidine 0.4 mg 
(high dose) 
LC(n=18)vs.0C 
(n=22) 
Main Results 
TNF-alpha, IL-1, IL-6, Cortisol, EPI and 
NE measured before and during 
operation for 48 h postop; 
Cytokine and hormone changes were all 
similar in both the groups; 
TNfF and IL-1 were detected 
sporadically; Rise in plasma IL-6 was 
less marked in the LC group as 
compared to the OC. 
TNF-a, IL-1, IL-6, IL-8 and IL-10 cone, 
were noted; 
Circulating cytokines were unaffected in 
the OC group, whereas there was 
decrease in TNF-alpha (p < 0.05) and 
IL-1 (p<0.05) in the LC group. 
Sampling -Preoperative & postoperative 
days 1,2,4, and 7; 
CRP, IL-lra, IL-6, and TNF-alpha; 
Similar changes in CRP in both groups 
IL-ip, TNF-a, IL-6, and CRP; 
CRP response was less in LC group than 
in OC group; 
TNF-alpha not elevated after surgery; 
and No difference between the groups. 
C-reactive protein (CRP) in j in 
Laparoscopic groups as compared to the 
open cholecystectomy. 
TNF-alpha, catecholamine, VMA in 
CSF and plasma; 
Low dose Clonidine group showed i 
TNF-a cone, both in plasma and CSF; 
Larger dose Clonidine group did not 
show any detectable TNF-a in CSF. 
IL-6, IL-1, TNF, and CRP were 
measured before and after the operation; 
IL-1 and TNF response showed no 
difference between the two groups; 
Plasma CRP t in OC group; 
No correlation between serum CRP 
concentrations and postop parameters. 
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Table 2-9 (Contd.): Cytokine Responses to Surgery in Different Studies 
Authors 
Kuldip et al 
(2003) 
Luc et al 
(2003) 
Torrez et al 
(2007) 
Boo et al 
(2007) 
Haleem et al 
(2007) 
Surgery &/or 
Anaesthesia 
Acute pancreatitis (n=50) 
compared with non-
pancreatic pain abdomen 
(n=20) 
LC (n-14) vs. OC 
(n=12) 
Benign adnexal masses 
(n=40) 
Laparoscopy (n=25) or 
Laparotomy (n=15) 
Acute cholecystitis 
(n=30); 
LC(n=18)vs.0C 
(n=15) 
LC (n=21) vs. OC 
(n=21) 
Main Results 
Serum IL-6, TNF-alpha measured on the 
day of admission, after 48 hours and on 
the 7th day; 
Both IL-6 and TNF-alpha were 
significantly f with acute pancreatitis as 
compared to patients of non-pancreatic 
p m abdomen. 
Plasma cone, of somatotropin, insulin, 
Cortisol and CRP measured; 
In the postop period, the levels of 
somatotropin, CRP and Cortisol t in OC 
than those in LC. 
IL-ip, IL-6, IL-8, and TNF-a, and IL-10 
Serum cone, before and 4 h, 24 h, and 48 
h after the operation were measured; 
IL-6 t significantly in both groups at 4 h, 
24 h, and 48 h after the surgery; 
TNF a t in laparotomy group than in 
laparoscopic group. 
CRP, TNF-alpha; 
Sampling-Preop & postop day 1 and 3; 
Postop TNF-alpha I in OC group than in 
LC group (p=0.002); 
CRP level declined by postop day 3; 
A CRP in OC greater than A CRP in LC 
group (p<0.001). 
CRP 1 during intra as well as post-op 
period till day 4th (p < 0.001) in both the 
groups; 
Inter-group variations were similar; 
TNF-a showed no consistent pattern; 
Serial percentage changes in CRP & 
TNF-alpha were higher in OC group 
than that in LC group. 
2.16. CONCLUSIONS OF REVIEW OF LITERATURE 
The stress response to surgery comprises a number of hormonal metabolic changes 
initiated by neuronal activation of the hypothalamic-pituitary-adrenal axis. In a 
parallel fashion, local tissue injury also leads to an increase in cytokine production 
fi-om the injured and locally recruited cells, leading to a chain of immunological and 
inflammatory reactions. 
65 
REVIEW OF LITERATURE 
The accelerated hormonal metabolic responses exhibit their effects by increased 
catabolism of stored body ftiels, while unduly excessive/ protracted immunological 
and inflammatory responses may result in development of complications including 
sepsis. 
The stress response to surgery and trauma appears to be a highly programmed 
intrinsic design to protect the body by restoring the fimction of the injured tissues as 
normal as possible and as early as feasible. 
The magnitude and duration of the response are proportional to the nature and extent 
of the surgical injiuy. 
Regional and local anaesthesia added to the general anaesthesia effectively modulates 
the surgical stress response towards favourable outcome at least in terms of the 
clinical efficacy. 
The increasing acceptance of the minimally invasive laparoscopic technique for major 
surgery during the last decade has brought complementary perspectives to the injury 
response paradigm. The immunologic benefits for these surgical approaches are the 
rationale behind it. 
Furthermore, the genetic mechanisms governing the host response to injury by 
sequencing of the human genome and available technology such as deoxyribonucleic 
acid (DNA) microarray analysis are evolving fast and are liable to provide additional 
tools to profile and modulate the injury response of the surgery. 
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3. MATERIAL AND METHODS 
3.1. BNfTRODUCTION TO THE CLINICAL METHOD 
Present study entitled "A Prospective Biochemical Study of Systemic Stress 
Responses during Cholecystectomy &Abdominal Hysterectomy" included total of 63 
patients who were operated in the Jawaharlal Nehru Medical College Hospital, A. M. 
U., Aligarh (UP), hidia. The study was conducted over a period of four years from 
October 2004 to September 2008. Patients were divided in three groups viz. the 
Laparoscopic Cholecystectomy (LC) group. Open Cholecystectomy (OC) group and 
Open Abdominal Hysterectomy (OH) group. Each group comprised of twenty one 
patients. The perioperative systemic stress response was evaluated with the help of 
changes in Biochemical Stress Markers and Clinical Parameters. The biochemical 
markers used for the above study were Serum Glucose, Serum Cortisol, Serum 
Adrenaline, Serum Noradrenaline, C-reactive protein and Tumour Necrosis Factor-
alpha (TNF-alpha). Haemodynamic Responses were analysed with the help of 
perioperative changes in Pulse Rate (PR), Systolic Blood Pressure (S.B.P.), Diastolic 
Blood Pressure (D.B.P.) and Mean Arterial Pressure (M.A.P.), as clinical parameters 
to compare the stress involved to the patients during period of surgery in the three 
groups. 
In each patient five blood samples (Pre-operative, 14 hour after surgery, end of 
surgery, 1^ post-operative day and 4* post-operative day) were timely collected and 
analysed. 
3.2. ETHICAL CONSIDERATIONS 
Study protocol was approved by the Board of Studies (BOS) and Committee for 
Advanced Scientific Research (CASR) of our University. All patients have given 
written informed consent for the study before operation. 
33. PATIENT METHOD 
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After detailed informed consent, elective cases (ASA grade I and II) with 
symptomatic uncomplicated cholecystolithiasis, fit for procedure were considered. 
Patients with acute cholecystitis, pancreatitis, choledocholithiasis, malignancy, 
jaundice, lustory of allergy, steroid intake, cytotoxic chemotherapy, pregnancy or 
hypoproteinaemia and patients requiring introperative blood transfusion were 
excluded from the present study. For control group patients undergoing total 
abdominal hysterectomy were considered for the study. Patients for pan hysterectomy, 
carcinoma cervix, uterine malignancy, or on cjrtotoxic drug were also excluded from 
the study. 
3.4. SAMPLE SIZE 
In consultation with our statistician, the sample size was calculated taking into 
account the reported prevalence of stress during anaesthesia and surgery. After 
considering the prevalence of stress in surgical patients to 100% from previous studies 
and past records, if we take it 95% and allowed an error of 10% of the prevalence rate 
of stress rate on either side and wished to correct our estimate in 95 out of 100 
patients. Hence if p is the prevalence of stress rate in percentage and q is the non 
stress rate in percentage, .'.(p + q = 100), then the standard error is V(pq/n) where n is 
the sample size. Here in the p=95%, q=5%, hence the sample found to be 2V(pq/n) = 
10% of p; therefore: (4 x 95 x 5)/n = (10 x 95/100) x (10 x 95/100); and as a result n = 
21.Hence, each group comprised of 21patients, with total of 63 patients. 
3.5. SELECTION CRITERIA FOR LAPAROSCOPIC VS. OPEN 
PROCEDURE 
This study is a prospective randomized study, where patients were consented and 
discussed for specific procedures before surgery. Surgical procedure opted depends 
on many factors-
• Patient's finances: The existing financial circumstances of the patients 
including patients' inability to expend extra money for laparoscopic procedure 
(The high cost involvement in LC procedure (LC is 40% more expensive than 
open procedure (Barkun et al, 1995)). 
68 
MATERIAL AND METHODS 
• Patient's preference: for specific general surgeon who lack suitable expertise 
in Lfq)aroscopic technique. 
• Lack of facilities: de novo absence or malfunctioning of existing gazette. 
Furthermore, being a government hospital^ equipment failure do occurs in the 
form of lack of CO2 cylinder supply or broken endoscopic instrument which 
takes long time to get repmred. 
• Patient's insistence: patient's phobia of complications after laparoscopic 
cholecystectomy based on bad experience of his/her kith & kin. 
• Lack of expertise: as laparoscopic surgeon were not available. 
3.6. SAMPLE COLLECTION 
5ml of venous blood was withdrawn fi-om antecubital vein in plain sterile glass vial 
for every sample. The samples were sent immediately to biochemical laboratory for 
centrifugation at 3000 G for 10 min. for separation of serum in the department of 
Biochemistry. Hie sera were put in plastic tubes and transported in ice box for storage 
in deep freezer at -6O'' C in our nearby Institute of Microbiology where the 
biochemical analysis was done by the competent laboratory persoimel who were 
unaware of the study, test serum and surgical intervention given to patients. 
3.7. SAMPLE TIMES 
Serial measurement of various biomarkers were done by following blood sampling-
First baseline sample was collected preoperatively after overnight fasting 
Second sample at half an hour after start of surgery (mostly correspond to the time of 
separation of gall bladder from liver bed) 
Third sample at the time of completion of surgery 
Fourth sample on 1** post-operative day 
Fifth sample on 4* post-operative day. 
3.8. PERIOPERATIVE PROTOCOL 
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All cases were first screened through pre-anaesthetic clinic including detailed 
information about relevant history, clinical examination; related investigations were 
recorded in the pre-anaesthetic card and then planned for the surgery. Details of the 
procedure were explained to all the patients in PAC clinic itself Diazepam (5 mg) 
orally in the night before the operation and advice for overnight fasting was given to 
all patients. 
3.9. ANAESTHESIA 
Patients received midazolam (0.04mg kg'') intravenously in the preoperative room 30 
minutes before induction of anaesthesia and later on, injection metoclopramide (0.2 
mg kg"') and fentanyl (2 jxg kg"') bolus were given as pre-emptive adjuvant to 
maintain surgical analgesia; fentanyl was repeated lug kg"' h"' till the surgery was 
completed. 
All the patients were anaesthetized with injection thiopentone sodium (6-7mg kg"'). 
Tracheal intubation was facilitated with the help of suxamethonium (1.5mg kg"'). 
Surgical relaxation was maintained with vecuronium bromide (0.08 mg kg"') as bolus 
and then intermittent repeat doses, titrated with train-of-four response of 0-1 twitches. 
To maintain the systolic blood pressxu-e within 20 % of the basal level, halothane (0.5-
1%) was used. The inspired oxygen fiaction (FiOa) was adjusted to 0.4 percent in 60 
% nitrous oxide to maintain the SpOa above 98 %. All the patients were ventilated 
mechanically at the rate of 12 breaths min"'. Perioperative monitoring includes HR, 
MAP, EKG, pulse oximetry and end-tidal carbon dioxide (ETCO2) which was 
maintamed in the range of 32 to 35 mmHg. Before reversal of anaesthesia, deep 
intramuscular injection of diclofenac sodium (1.5mg kg"') was given to all patients as 
part of our routine anaesthetic practice. The neuromuscular block was reversed with 
neostigmine (0.05 mg kg"') and glycopyrrolate (0.008 mg kg"') at end of surgery. 
3.10. FLUID THERAPY 
Intravenous fluid regime comprised of 8-10 ml kg"' hr"' of Ringer's lactated solution 
during intraoperative period and this regime was contmued for 6 to 24 hours at the 
rate of 80-100 ml hr"' depending upon the climatic conditions. Usually oral intake was 
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allowed in the same evening in LC group and in the next morning in OC group 
subject to patients' tolerance. 
3.11. SURGERY 
The surgical procedures were performed by consultant trained surgeons. Open 
cholecystectomy was performed tiu-ough right subcostal incision (6-9 cms) and 
laparoscopic cholecystectomy by 4-trocar technique with electrocautery dissection. 
Pneumoperitoneum was achieved with carbon dioxide insufflation, maintaining intra-
abdominal pressure of 12-14 mmHg. Patients who required per-operative 
cholangiography or conversion to laparotomy were excluded from the study. 
3.12. POST^OPERATIVE CARE 
Deep intramuscular injection of diclofenac sodium 1.5mg.kg-l at every 8 hour was 
advised in the postoperative order as analgesic protocol. On the 1st day of surgery, 
injection Pentazocine (0.5mg.kg-l) or injection Tramadol (2 mg.Kg-1) was given 
through intramuscular route SOS on demand if patient has significant pain inspite of 
administration of diclofenac sodium. 
3.13. EXCLUSION CRITERIA 
Female patients who were pregnant or lactating were not included in Uie present 
study. 
Patients developing significant alterations in their baseline preoperative investigations 
(Haemoglobin, total and differential leukocytes, serum urea, serum creatinine, serum 
sodium and potassium, platelets and prothrombin time) during intra-operative or post-
operative period were also not taken into consideration for the study. Patients with 
incomplete blood sampling either due to refiisal by the patient or his/her attendant for 
blood sampling in post-op period or forgetfuhiess or early discharge from the hospital 
were also excluded from the present study. Patients foimd to have intra-operative 
injury to adjacent organ/structure including bile duct injury were also excluded from 
the study. 
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3.14. SERUM GLUCOSE ESTIMATION 
Method for Serum glucose analysis was (DPEC- GOD /POD) 
For quantitative determination of serum glucose -glucose oxidase (GOD) and glucose 
peroxidase (POD) method (GOD/POD) was used. Test principle is as follows: 
TEST PRINCIPLE: 
Following equation occurs on addition of glucose oxidase and peroxidase 
Glucose + O2 + H2O—•Glucoronic acid + H2O2 
Peroxidase 
H2O2 + Phenol + 4Aminoantipyrine -^ Coloured complex + H2O 
The red coloured complex formed is Measured at 505 nm and the intensity of the 
colour formed is directly proportional to the concentration in the sample. 
KEY CONTENTS: 
Reagent 1: Enzyme powder 
Glucose oxidase 
Horseradish peroxidase 
4Arainoantipyrine 
Phosphate buffer 
Reagent 2: 
Phenol 
Reagent 3: 
Glucose 
Insert 
>6.7 
>6.2 
0.2 mM 
8 mM, pH 7.0 
86 mM 
lOOmg/dl 
01 No. 
PREPRATION OF WORKING SOLUTION: 
1 bottle of enzyme powder was dissolved with distilled water as indicated on the label 
to get enzyme solution. For daily requirement, reagent 2 was add (phenol) to the 
enzyme solution as indicated on the label to obtain the Working Solution. 
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The enzyme solution is stable for six weeks at 2-8 °C. It should remain refrigerated 
and be taken out only for short periods to prepare the Working Solution. 
TEST PROCEDURE: END POINT 
Pipette in to test tube 
Working Solution 
Standard 
Sample 
Distilled water 
Blank 
Ml 
~ 
— 
10 i^g 
standard 
1.0 ml 
10 ng 
~ 
~ 
Test 
1.0 ml 
~ 
10 ^ g 
~ 
Mixed and incubated at 37 C for 15 min. or at room temperature (21-25 C) for 30 
min. Mixed and read the absorbance of the test (AT), standard (AS) and reagent Blank 
(A) at 505 mn or with gr^n filter against distilled water. 
CALCULACTIONS 
Glucose (mg/dl) = (AT - AB) / (As -A) xlOO (O: Standard Concentration) 
To convert mg / dl to mmol -
1 mmol= 1 mg/dl x 0.056 
LINEARITY :700mg/dl 
TEST PROCEDURE KINETIC 
Wavelength: 505 nm 
Reaction Temperature: 37 C 
Pipette in to test tube Standard Test 
Working Solution 1.0 ml 
Standard 10 Jig 
Sample 
1.0 
10 Jig 
Mixed and aspirated .After 1 min. incubation, measure the change in absorbance (A 
Abs) for one min. for Standard and test and use this A Abs for calculation. 
CALCULATIONS 
Glucose (mg / dl) = (A Abs of test)/ (A Abs of std.)x 100 (Standard Concentration) 
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LINEARITY: 1000 mg/dl 
NORMAL VALUES 
Fasting : 70-100mg/dl 
Postprandial (2 hrs) : Upto 140 mg /dl 
INTERESTING SUBSTANCES: 
Estimation of glucose by this method is relatively firee of interference from lipids, 
bilirubin, uric acid, ascorbic acid and anti-diabetic drugs. 
END POINT METHOD 
INPUT PARAMETERS 
Type of reaction 
Wavelength 
Reagent volume 
Standard / sample volume 
Incubation time 
Temperature 
Standard concentration 
Upper Normal value 
Lower Normal value 
Linearity 
KINETIC METHOD 
INPUT PARAMETERS 
Type of reaction 
Wavelength 
Incubation time 
Interval time 
Interval No. 
Reagent volimie 
Standard / sample volume 
Standard Concentration 
VALUES 
End point 
505 rmi 
1.0 ml 
10 [ig 
15 min 
37 C 
100 mg/dl 
140 mg/dl 
70 mg/dl 
700 mg/dl 
VALUES 
Initial rate kinetic 
505 mn 
60 sec. 
60 sec. 
One 
1.0 ml 
10 Hg 
OlOOmgdl 
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Temperature 
Upper Normal value 
Lower Normal value 
Linearity 
37 C 
140mg/dl 
70 mg/dl 
lOOOmg/dl 
3.15. CORTISOL 
The Cortisol is determined by the EIAgen CORTISOL assay kit REF No.L14003K 
Adaltis Italia S.p.a.-Italy. The quantitative determination of Cortisol in the serum and 
plasma was done by the competitive colorimetric immuno-enzymatic method. 
PRINCIPLE OF THE METHOD 
The DRG Cortisol ELISA Kit is a solid phase enzyme-linked immunosorbent assay 
(ELISA), based on the principle of competitive binding. The micro titer wells are 
coated with a monoclonal antibody directed towards a unique antigenic site on the 
Cortisol molecule. 
Endogenous Cortisol of a patient sample competes with a Cortisol horseradish 
peroxide conjugate for binding to the coated antibody. After incubation the unbound 
conjugate is washed off. The amount of bound peroxide conjugate is reverse 
proportional to the concentration of Cortisol in the sample. After addition of the 
substrate solution, the mtensity of colour developed is reverse proportional to the 
concentration of Cortisol in the patient sample (Adaltis EIAgen CORTISOL 
Guideline). 
Contents of the Kit: 
Microtiter wells, 12x8 (break apart) strips, 96 wells. Wells coated with anti-Cortisol 
monoclonal antibody 
Standard (Standard 0-6), 7 vials, 1 ml, ready to use. Concentrations: 0, 20, 50, 100, 
200,400,800 ng/ml, thus correspondmg to 0, 55.2,138,276, 552, 1104,2208 nmol/I. 
Conversion factor: 1 ng/ml = 2.76 nmol/1. 
Enzyme Conjugate, 1 vial, 25 ml, ready to use Anti-Cortisol antiserum conjugated to 
horseradish peroxidase. 
Substrate Solution, 1 vial, 14 ml, ready to use TMB 
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Stop Solution, 1 vial, 14 ml, ready to use contains 0.5M H2S04. Contact with the stop 
solution may cause skin irritations and bums. 
Wash Solution, I vial, 30 ml (40X concentrated) 
Other equipment and material required for Cortisol estimation 
A microtiter plate calibrated reader (450±10 rmi) (Microtiter plate Reader). 
Calibrated variable precision micropipettes 
Absorbent paper 
Aqua distilled 
Preparation of Reagents 
All reagents and required number of strips should reach room temperature prior to 
use. 
Wash Solution: Dilute 30 ml of concentrated Wash Solution with 1170 ml deionised 
water to a final volume of 1200 ml. 
Specimen Storage: Specimens should be capped and may be stored for up to 5 days at 
2-8°C prior to assaying. Specimens held for a longer time should be frozen only once 
at -20°C prior to assay. Thawed samples should be inverted several times prior to 
testing. 
Specimen Dilution: If in an initial assay, a serum specimen is found to contain more 
than the highest standard, the specimens can be diluted 10 fold or 100 fold with 
Standard 0 and reassayed as described in Assay Procedure. For the calculation of the 
concentrations this dilution factor has to be taken into account. 
Dilution 1:10: 10 ^ il Serum + 90 ^l Standard 0 (mix thoroughly) 
Dilution 1:100: lOjil dilution a) 1:10+ 90 ^l Standard 0 (mix thoroughly). 
TEST PROCEDURE: 
General Remarks 
All reagents and specimens were allowed to come to room temperature before use and 
all reagents were mixed without foaming. 
Once the test has been started, all steps were completed without interruption. 
New disposable plastic pipette tips for each standard, control or sample was used in 
order to avoid cross contamination 
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As the absorbance is a function of the incubation time and temperature, to ensure 
equal closed time for each pipetting step without intemiption. Hence, before starting 
the assay, all reagents were ready, caps removed, all needed wells secured in holder. 
As a general rule the enzymatic reaction is linearly proportipijgl^^ time and 
temperature. •^-y-'^ • > '^>'<^^ Xr\k ^% 
.) Ace. No > J> I n t v . . f " • 
Assay Procedure 2; i ) i 
^^ J < 
All standards, samples, and controls were run in duplicate c2^[\^iH^Qi}^.^x^n^^ that 
all testing conditions were same. Assay was done as follows: 
Secured the desired number of Microtiter wells in the holder. 
Dispensed 20 fil of each Standard, controls and samples with new disposable tips into 
appropriate wells. 
Dispensed 200 ^1 Enzyme Conjugate into each well. 
Thoroughly mix for 10 seconds, ensure complete mixing in this step. 
Incubated for 60 minutes at room temperature without covering the plate. 
Contents of the wells were briskly shaken out. 
The wells were rinsed 3 times with diluted Wash Solution (400 [A per well). And 
wells were stricken sharply on absorbent paper to remove residual droplets. As the 
sensitivity and precision of this assay is markedly influenced by the correct 
performance of the washing procedure! 
100 pil of Substrate Solution was added to each well. 
Incubated for 15 minutes at room temperature. 
The enzymatic reaction was stopped by adding 100 nl of Stop Solution to each well. 
The OD at 450±10 nm was read with a microtiter plate reader within 10 minutes after 
adding the Stop Solution. 
Calculations of Results 
Average absorbance value was calculated for each set of standards, controls and 
patient samples. 
A standard curve was constructed by plotting the mean absorbance obtained fix)m 
each standard against its concentration with absorbance value on the vertical(Y) axis 
and concentration on the horizontal (X) axis by Biochemistry Instant software. 
Using the mean absorbance value for each sample we determined the corresponding 
concentration from the standard curve. 
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EXPECTED VALUES 
It is strongly recommended that each laboratory should determine its own normal and 
abnormal values. 
Cortisol values in serum or plasma ranges from according to Tietz's Textbook: 
50 to 230 ng/ml (138-635 nmol/L) between 8:00 - 10:00 a.m., and 
30 to 150 ng/ml (82.8-414 nmol/L) at 4:00 p.m. 
Assay Dynamic Range 
The range of the assay is between 0 - 800 ng/ml. 
Analytical Sensitivity 
The analytical sensitivity was calculated from the mean plus two standard deviations 
of twenty (20) replicate analyses of Standard 0 and was found to be 2.5 ng/ml (6.9 
imiol/L). 
Precision 
Intra Assay Variation 
The within assay variability is shown below: 
Sample 
1 
2 
3 
n 
20 
20 
20 
Mean (ng/ml) 
43.5 
226.5 
403.6 
CV (%) 
8.1 
3.2 
5.6 
Inter Assay Variation 
The between assay variability is shown below: 
Sample <n not present> 
1 
2 
3 
Mean (ng/ml) 
55 
209 
361 
CV(%) 
6.6 
7.7 
6.5 
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3.16. CATACHOLAMINES 
Quantitative measurement of epinephrine and norepinephrine in the serum or plasma 
was done by BI-CAT-ALISA Enzyme Immuno Assay kit the DLD DIAGNOSTICA 
GM&H which based on ELISA technique. 
Principle of Assay: 
Norepinephrine and epinephrine are extracted using a cis-diol-specific affinity gel and 
acylated to N-acylnoradrenaline and N-acyladrenaline and then converted 
enzymatically during the detection procedure into N-acylnormetanephrine and N-
acylmetanephrine. 
The competitive Catecholamine assay ELISA kit contains micro titer plate. 
Epinephrine and norepinephrine present in the plasma boimd to the solid phase of the 
micro titer plate. Acylated catecholamine from the sample and solid phase boimd 
catecholamine compete for a fixed number of antiserum binding sites. When the 
system is in equilibriirai, free antigen and free antigen-antiserum complexes are 
removed by washing. The antibody bound to the solid phase catecholamine is 
detected by anti-rabbit IgG / peroxidase. The substrate TMB / peroxidase reaction is 
monitored at 450 nm. The amoimt of antibody bound to the solid phase catecholamine 
is inversely proportional to the catecholamine concentration of the sample. 
Content of the Kit 
Reagents for Extraction of epinephrine and norepinephrine 
Macro titer Plate - wells coated with boronate affinity gel 
Extraction-Buffer 
HCl -0.025 M HCl \ 
Assay Buffer -1 M HCl 
Standards (A-F) and Concentrations: 
STANDARD 
Epinephrine (ng/ml) 
Norepinephrine (ng/ml) 
A 
0 
0 
B 
1 
4 
C 
4 
16 
D 
16 
64 
E 
64 
256 
F 
256 
1,024 
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Control 1 & 2 
Acylation reagent 
Acylation buffer 
(B.) Reagents for ELISA: 
Enzyme - lyophilized catechol-0-methyl transferase 
Co-enzyme - S-adenosyl-L-methionine 
Enzyme buffer 
Epinephrine-Anti-serum (Color coded blue) 
Noradrenaline-Anti-serum(Color coded yellow) 
MT-Strips: Precoated with derivatized adrenaline (color coded blue) coated with 
derivatized noradrenaline (color coded yellow). 
POD conjugate Anti-Rabbit IgG-POD conjugate/peroxidase (color coded green) 
Wash Buffer -50 ml was supplied as concentrated solution which was diluted with 
dist. water to make 500ml total volume vials) 
Substrate - TMB solution 11ml (2 vials) 
Stop Solution - 0.5M sulphuric acid, not corrosive. 11ml (2 vieds) 
Additional material used during estimation: 
Pipettes (10,20,100,300 nl) 
Repeating dispenser for 25, 50,100,150,200,250^1 and 1ml 
Horizontal shaker 
Microplate washing device 
Microplate photometer 
Distilled water 
Preparation of Wash Buffer 
Dilute the content of the bottle with dist. water to a total volume of 500 ml 
TEST PROCEDURE: 
Preparation of the Reagents: Enzyme Solution 
Freshly prepared enzyme solution was used for the assay and prepared 10-15 minutes 
before testing. Vial labelled "Enzyme" was reconstituted with 1 ml distilled water and 
mix thoroughly. Added.0.3 ml Coenzyme and 0.7 ml Enzyme buffer to the freshly 
prepared enzyme to make it 2ml. 
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3.17. ADRENALINE OR EPBSfEPHRINEELISA 
Reagents and samples were allowed to reach at room temperature. Steps were as 
follows: 
Pipetted 25 nl of freshly prepared Enzyme solution into all wells. 
Pipetted 100 nl patient samples into the respective wells. 
Incubated for 30 minutes at 37 °C. 
Pipetted 50 ^l Adrenaline-Antiserum into all wells. 
Incubated for 2 hour at room temperature on an orbital shaker (600-900 r/min). 
Discarded the contents of the wells and washed it thoroughly with each 300 nl Wash 
Buffer. Removed the residual liquid by tapping the inverted plate on clean absorbent 
paper. Repeated the washing procedure 3 times. 
Pipetted each 100 \iX POD-Conjugate into all wells. 
Incubated for 30 minutes at room temperature on an orbital shaker (600-900 r/min). 
Washing: Repeated the step 6. 
Pipetted each 100 ^1 Substrate into all wells. 
Incubated 20 to 30 minutes at room temperature on an orbital shaker (600-900 r/min), 
preferably in the dark. 
PipettedlOO \il Stop Solution into all wells. 
Optical density was read the at 450 nm (reference wavelength between 570 and 650 
nm) in a microplate photometer within 10 minutes. 
3.18. NORADRENALINE OR NOREPINEPHRINE ELISA 
All the reagents and samples were allowed to reach at room temperature. 
Steps were as follows: 
Pipetted each 25 fxl of freshly prepared Enzyme solution into all wells. 
Pipetted each 20 nl extracted patient samples into the respective wells. 
Incubated for 30 minutes at 37 °C. 
Pipetted each 50 jil Noradrenalme-Antiserum into all wells. 
Incubated for 2 hour at room temperature on an orbital shaker (600-900 r/min). 
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Discarded the contents of the wells and wash thoroughly with each 300 jil Wash 
Buffer. Removed the residual liquid by tapping the inverted plate on clean absorbent 
paper. Repeat the washing procedure 3 times. 
Pipetted each 100 p,l POD-Conjugate into all wells. 
Incubated for 30 minutes at room temperature on an orbital shaker (600-900 r/min). 
Washing: Repeat step 6. 
Pipetted each 100 ^ l Substrate into all wells. 
Incubated 20 to 30 minutes at room temperature on an orbital shaker (600-900 r/min), 
preferably in the dark. 
Pipette 100 \i\ Stop Solution into all wells. 
Optical density was read at the 450 nm (reference wavelength between 570 and 650 
nm) in a microplate photometer within 10 minutes. 
CALCULATION OF RESULTS 
On a semi logarithmic graph paper the concentration of the standards (x-axis, 
logarithmic) are plotted against their corresponding optical density (y-axis, linear). 
Alternatively, the optical density of each standard and sample can be related to the 
optical density of the zero standard expressed as a ratio (OD/OD) max, and then plotted 
on the y-axis. 
The concentration of the controls was read off by the standard curve directly. 
Reference Ranges 
Urine 
Plasma 
Adrenaline 
< 20 M-g/day 
< 100 pg/day 
Noradrenaline 
< 90 p.g/day 
< 600 pg/day 
3.19. C-REACTIVE PROTEINS 
High Sensitivity CRP (hs-CRP) Microplate ELISA Product CodeiBC 1119M from 
CALIBIOTECH The Quantitative determination of CRP (C -reactive protein) 
concentration in Human Serum was done by a Microplate Immunoenzymometic 
assay. 
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PRINCIPLE: 
Immunoenzymometric assay: 
The essential reagents required for an immunoenzymometric assay include high 
affinity and specificity antibodies (enzyme and inmiobilized), with different and 
distinct epitope recognition, in excess, and native antigen. In this procedure, the 
immobilization takes place during the assay at the surface of a microplate well 
through the interaction of streptavidin coated on the well and exogenously added 
biotinylated monoclonal anti-CRP antibody. 
Upon mixing monoclonal biotinylated antibody, the enzyme labelled antibody and a 
serum containing the native antigen, reaction results between the native antigen and 
the antibodies, without competition or steric hindrance, to form a soluble sandwich 
complex. The interaction is illustrated OJ the following equation, 
EiiZAb(p) + AgcRp + Ab(m) *—> Enz Ab(p) - AgcRp - Ab(ni) 
k-. 
'^"Ab(m) ^ Biotinylated Monoclonal Antibody (Excess Quantity) 
AgcRp"^Native Antigen (Variable Quantity) 
EnzAb(p) ^Enzyme labeled Antibody (Excess Quantity) 
Enz Ab(p)-AgcRp-^ '"Ab(m)^  Antigen-Antibodies Sandwich complex 
ka-> Rate Constant of Association 
k .a-> Rate Constant of Dissociation 
Simultaneously, the complex is deposited to the well through the high affinity 
reaction of streptavidin and biotinylated antibody. This interaction is illustrated 
below: 
Enz Ab(p)-AgcRp- Ab(m)+Streptavidinc.w"^  Immobilized complex 
Streptavidiucw "^ streptavidin inmiobiUzed on well 
Immobilized complex^ sandwich complex bound to the solid surface 
After equilibrium is attained, the antibody bound reaction is separated from unbound 
antigen by decantation or aspiration. The enzyme activity in the antibody bound 
fraction is directly proportional to the native antigen concentration. By utilizing 
several different serum references of known antigen values, a dose response curve can 
be generated from which the antigen concentration of an unknown can be ascertained. 
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REAGENTS: 
Provided: 
CRP Calibrators->lml vial - A-F. Six (6) vials of references CRP Antigen at levels of 
0 (A), 0.5 (B), 2.0 (C), 50 (D), 15 (E) and 30 (F) ^g/ml 
CRP Enzyme Reagent - 13 ml / vial. One (1) vial containing Biotin labeled 
monoclonal mouse IgG and Anti-CRP HRP in buffer, dye, and preservative. 
Streptavidin Coated Microplate - 96 wells. One 96-well microplate coated with 
streptavidin and packaged in an aluminum bag with a drying agent 
Serum Diluent Concentrate - 20ml. One (1) vial of serum diluent containing buffer 
salts and a dye. 
Wash Solution Concentrate - 20 ml. One (1) vial containing a surfactant in buffered 
saline. A preservative has been added. 
Substrate A - 7ml / vial. One (1) vial containing tetramethylbenzidine (TMB) in 
buffer. Substrate B - 7ml / vial containing hydrogen peroxide (H2O2) in buffer. 
Stop Solution - 8ml vial containing a strong acid (IN HCI). 
Other things required: were as follows: 
Pipette capable of delivering 25 i^L & 50 i^L volumes with a precision of better than 
1.5% 
Dispenser for repetitive deliveries of 0.100 ml and 0.300 ml volumes with a precision 
ofbetter than 1.5%. 
Microplate washers or a squeeze bottle (optional). 
Microplate Reader with 450nm and 620nm wavelength absorbance capability 
Absorbent Paper for blotting the microplate wells 
Plastic wrap or microplates cover for incubation steps. 
Vacuum aspirator (optional) for wash steps. 
Timer. 
Quality control materials. 
REAGENT PREPARATION: 
Serum Diluents: Serum was diluted to 200 ml in a suitable container with distilled 
water. 
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Wash Buffer: Dilute contents of Wash Concentrate to 1000ml with distilled or 
deionised waters 
Working Substrate Solution Prepared by mixing equal portions of Substrate A and 
Substrate B in a suitable container. 
TEST PROCEDURE (based on the Tietz.s procedure. 1995): 
Before proceeding with the assay, all rei^ents, serum references and controls were 
brought to room temperature (20 - 27° C). 
Microplates' wells were formatted the for each serum reference, control and patient 
specimen to be assayed in duplicate. 
Pipetted 0.025 ml (25^1) of the appropriate serum reference into the assigned wells. 
Added 0.100 ml (lOOjil) of the CRP enzyme reagent 10 in each well. All reagents 
were dispensed close to the bottom of the coated well. 
Microplate was swirl gently for 20-30 seconds to mix and cover. 
Incubated for 15 minutes at room temperature. 
Discarded the contents of the microplate by decantation or aspiration and blotted the 
plates dry with absorbent paper. 
Added 300 pi of wash buffer and total of three (3) washes. 
Added 0.100 ml (100 p.1) of working substrate solution to all wells 
Incubated at room temperature for fifteen (15) minutes. 
Add 0.050ml (50 ^ l) of stop solution to each well and mix gently 
Absorbance was read at 620-630nm in each well at 450nm (using a reference 
wavelength to minimize well imperfections) in a microplate reader. The results were 
read within thirty (30) minutes of adding the stop solution. 
RESULTS: 
A dose response curve is used to ascertam the concentration of HSCRP in unknown 
specimens. 
Absorbance was obtained and recorded from the printout of the microplate reader 
Absorbance was plotted the for each duplicate serum reference versus the 
corresponding CRP concentration in ng/ml on a linear graph paper. 
Curve was drawn through the plotted points. 
Concentration of CRP for an unknown, was determmed by locating the average 
absorbance of the duplicates for each unknown on the vertical axis of the graph, 
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intersecting point was found on the curve, and the concentration (in ng/ml) was read 
fix)m the horizontal axis of the gcaph. 
We calculated the absorbance from the absorbance obtained from the print out of the 
microplate Elisa reader, was plotted in duplicate serum reference versus the 
corresponding CRP concentration in |ig/ml with help of a software Microbiology-
Instant. The hs-CRP ( high sensitivity CRP) microplate Elisa procedure has sensitivity 
of 0.2|ig/ml. TTie intra-assay and inter-assay coefficient of variation for CRP within 
run precision were 7.5%-2.3% and 4.1%-2.5% respectively .Expected normal value = 
<3.0 ng /ml 
3.20. TNF-A ELISA 
Diaclone Immunoassay, product code no.850 090 096. 
PRINCIPLE OF THE TEST: 
A monoclonal antibody specific for TNF-d has been coated onto the wells of the 
microtiter strips provided. 
I I 
I ! 
I I I ! < I 
Coated Micro Well 
During the first incubation, TNF-d present in the sample or standard and a 
monoclonal anti TNF-d antibody conjugated to biotin are simultaneously incubated. 
I t n f |nr«l>«»k>i« 
^ 
' "^ '^ r. 
.t ? Y Y 
O ^t^m 
irst Incubati on 
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Following incubation unbound biotinylated anti TNF-d is removed during a wash 
step. 
Streptavidin-HRP is added and binds to the biotinylated anti TNF-d. After incubation 
and a wash step a substrate solution reactive with HRP is added to the wells. 
I X X 
ILL 
7 -8kirt««*i»4(np 
Second Incubation 
A coloured product is formed in proportion to the amount of TNF-d present in the 
sample. The reaction is terminated by addition of acid and absorbance is measured at 
450 nm. 
Third incubation 
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REAGENTS PROVIDED: 
REAGENTS 
(STORE AT Z-S^ C) 
96-wells precoated 
microtiter plate 
Plate cover 
TNF-d standard: 800 
pg/ml 
Control 
Standard diluent 
buffer 
Standard diluent: 
human serum 
Biotinylated anti 
TNF-d 
Biotinylated 
antibody diluents 
Streptavidin-HRP 
HRP diluent 
Washing buffer 
Substrate solution; 
chromogen TMB 
Colour 
Code 
Yellow 
Silver 
Black 
Black 
Red 
Red 
Red 
White 
Quantity 
1x96 
tests 
1 
2 
2 vials 
2 vials 
1 bottle 
1 bottle 
1 vial 
1 bottle 
2 vials 
1 bottle 
1 bottle 
1 bottle 
Quantity 
2x96 
tests 
2 
4 
4 vials 
4 vials 
1 bottle 
2 bottles 
2 vials 
1 bottle 
4 vials 
1 bottle 
2 bottles 
1 bottle 
RECONSTITUTION 
Ready to use 
Reconstitute with the volume 
of standard diluent indicated 
on the vial 
Reconstitute with the volume 
of standard diluent indicated 
on the vial 
(25 ml) lOX concentrate, 
dilute in distilled water 
(7 ml) Ready to use 
(0.4 ml) dilute in biotinylated 
antibody diluent 
Ready to use 
(5 Ml) add 0.5 ml of HRP-
diluent before further 
dilutions 
(23 ml) Ready to use 
(10ml) 200X concentrate. 
Dilute in distilled water 
Ready to use 
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Stop reagent H2SO4 Black 1 bottle 2 bottles (11 ml) Ready to use 
ADDITIONAL MATERIALS REQUIRED: 
1. 5 ml and 10 ml graduated pipettes 
2. 5 ^1 to 1,000 nl adjustable single channel micropipettes with disposable tips. 
3. 50 ^1 to 300 i^l adjustable multichannel micropipette with disposable tips 
Multichannel micropipette reservoir. 
4. Vortex, Mixer. 
5. Beakers, flasks, cylinders necessary for preparation of reagents. 
6. Device for delivery of wash solution (multichannel wash bottle or automatic 
wash system) 
7. Microwell strip reader capable of reading at 450 nm (620 nm as optional 
reference wave length) 
8. Glass-distilled or deionized water 
9. Statistical calculator with program to perform linear regression analysis. 
PREPARATION OF REAGENTS: 
1. Washing BufTer 
Dilute the Washing Buffer Concentrate (200X) in a clean graduated cylinder. Mix 
gently to avoid foaming. 
Entire content (10 ml) of the Washing Buffer Concentrate was poured into a clean 
2,000 ml graduated cylinder.to bring final volume to 2,000 ml with glass-distilled or 
deionized water. Mix gently to avoid foaming. 
2. Preparation of Standard Diluent Buffer 
Add the content of the vial (lOX) to 225 ml distilled water before use. 
3. Preparation of TNF-d Standards 
Depending on the type of samples assayed, the kit includes two standard diluents. 
Because biological fluids might contain proteases or cytokine-binding proteins that 
could modify the recognition of the cytokine 
Reconstitute TNF-d Standard by addition of appropriate Standard Diluent. 
Reconstitute volume is stated on the label of the standard vial. This reconstitution 
produces a stock solution of 800 pg/ml TNF-d.. Standard was allowed to stand for 5 
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minutes with gentle swirling prior to making dilutions. Serial dilutions of standard 
must be made before each assay and cannot be stored. 
4. Preparation of Controls 
Freeze-dried control vials should also be reconstituted with the most appropriate 
Standard Diluent. 
Controls have to be reconstituted with the volume of Standard Diluent indicated on 
the vial. Reconstitution of the freeze-dried material with the indicated volume, will 
give a solution for which the TNF-d concentration is stated on the vial. Control was 
allowed to stand for 5 minutes with gentle swirling prior to distribute in control wells. 
5. Preparation of biotinylated anti TNF-d 
Preparation irrunediately before use is recommended. Dilute the biotinylated anti-
TNF-d with the biotinylated antibody diluent in a clean glass vial. Biotinylated anti 
TNF-d may be prepared as needed according the following table. 
No. of strips 
2 
3 
4 
6 
12 
Biotinylated antibody 
concentrate (p.1) 
40 
60 
80 
120 
240 
Biotinylated antibody 
diluent (^ 1) 
1060 
1590 
2120 
3180 
6360 
6. Preparation of Streptavidin - HRP 
Dilute the Streptavidin-HRP 1.100 just prior to use by adding 0.5 ml of HRP diluent 
to the vial containing Streptavidin-HRP concentrate. 
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Further dilution with HRP-Diluent in a clean glass vial was needed according to the 
following table: 
No. of strips 
* 2 
3 
4 
6 
12 
Pre-diluted streptavidiii-HRP((fil) 
30 
45 
60 
75 
150 
HRP diluent(fil) 
2 
3 
4 
5 
10 
TEST PROTOCOL 
a. A. Mix all reagents thoroughly without foaming before use. 
b. 100 ^ il of appropriate Standard Diluent (see preparation of reagents) was added 
to standard wells Bl, B2, CI, C2, Dl, D2, El, E2, Fl, and F2. Reconstituted 
the standard vial with the appropriate volume .Pipetted 200 \il of standard into 
wells Al and A2 (see Figure 1 and 2), Transfer 100 jil from Al and A2 to 
Bland B2 wells. Mixed the contents by repeated aspirations and ejections. 
Taken care not to scratch the inner surface of micro wells. Repeated this 
procedure from the wells Bl, B2 to wells CI, C2 and from wells CI, C2 to 
Dl, 02 and so on creating two parallel rows of TNF-d standard dilutions 
ranging from 800 to 25 pg/ml. Discarded 100 ^I from the content of the last 
micro wells used (Fl, F2). 
c. Prepare and arrange the standards as shown below: 
^P» ,^~> /" 
SiBrHtoiif 2001« M 0< C« Ol ien 
dlACfiid 
100 | j 
Fig. 1: Preparation of TNF-d standard dilutions: 
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standard Concentrations 
pg/mL 
Sample wels 
Mmm 
^ F 
C 200 200 
B!7TB3 isprrrra B w s a grrrasi rassri w-'i^ sij? i!j?'"''rn fiy.r:-:'* ?r-*^x' r«"''''*T r • •" •"" r, --^ - -»•• - «, 
E 50 SO HP9raF?iF"ir-"qr^'-:r.l 
G Blank Blank 
( 
Fig.2: Diagram depicting an example of the arrangement of blanks, standards, 
samples and controls in the Microwell strips: 
d. Added 100 JAI of appropriate Standard Diluent in duplicate, to the blank wells 
(G1,G2). 
e. Added 100 |il of Sample to sample wells, in duplicate, to the designated wells 
and 100 \il of reconstituted control vial, in duplicate, to control wells (H 1, 
H2). 
f. Prepared biotinylated anti TNF-d 
g. Added 50 ^I of diluted biotinylated anti TNF-d to all wells. 
h. Covered it with a Plate Cover and incubate at room temperature (18° to 25°C) 
for 3 hours. 
i. Removed the cover and wash the plate as follows: 
a. 1. Aspirated the liquid from each well; 
b. 2. Dispensed 0.3 ml of washing solution into each well; 
c. 3. Aspirated again the content of each well; 
d. 4. Repeated step 2. and 3. two times 
j . Prepared Streptavidin-HRP solution just before use. 
k. Distributed 100 ^I of Streptavidin-HRP solution to all wells, including 
blanks. 
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1. Covered the plate and incubate the plate at room temperature (18°C to 25°C) 
for 30 min. 
m. Removed the cover and empty wells. Wash micro well strips according to step 
i. Proceed immediately to the next step. 
n. Pipetted 100 \il of ready-to-use TMB Substrate Solution to all wells, 
including the blank wells and incubated in the dark for about 12-15 minutes at 
room temperature. Avoided direct exposure to light by wrapping the plate in 
aluminium foil. 
o. Incubation time of the substrate solution was determined by the ELISA reader 
performances. Many ELISA readers record absorbance only up to 2.0 0.0. 
Therefore the colour development within individual microwells was watched 
by the person running the assay, and the substrate reaction stopped before 
positive wells are no longer properly recordable. 
p. The enzyme-substrate reaction is stopped by quickly pipetting 100 i^l of 
H2S04. Stop Reagent into each well, including the blank wells to completely 
and imiformly inactivate the enzyme. Results were read immediately after the 
H2S04. Stop Reagent was added. 
q. Absorbance of each microwell was read on a spectrophotometer using 450 nm 
as the primary wave length (optionally 620 nm as the reference wave length; 
610 imi to 650 nm is acceptable). 
CALCULATION OF RESULTS: 
Results were read on spectrophotometer using 450 nm as primary wave length. 
Average absorbance was calculated for each set of duplicate standards, samples and 
controls. The linear standard curve was created by plotting the mean absorbance for 
each standard concentration on the ordinate against the TNF-a standard concentration 
on the abscissa. The overall intra-assay coefficient of variation was calculated to be 
3.3%.The inter-assay coefficient of variation was 9%. Spike recovery ranged from 
74%-90% and expected normal serum value was taken < 8 pg/ml. 
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TNFa ELiSA 
200 400 600 
TNFu(pg^mL) 
000 
Fig. 3: Representative standard curve for TNF-d ELISA ranging from 25 to 800 
pg/mL A standard curve was plotted for each group of micro well strip assayed. 
Typical data using the TNF-d ELISA 
Standard 
1 
2 
3 
4 
5 
6 
Blank 
TNF-d 
800 
800 
400 
400 
200 
200 
100 
100 
50 
50 
25 
25 
0 
0 
O.D (4S0 nm) 
1.834 
1.932 
0.993 
1.158 
0.702 
0.746 
0.407 
0.452 
0.276 
0.277 
0.167 
0.193 
0.105 
0.099 
O.D (mean) 
1.833 
1.076 
0.724 
0.430 
0.277 
0.180 
0.102 
C.V (%) 
3.7 
10.8 
4.3 
7.4 
0.3 
10.2 
4.2 
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REPRODUCIBILITY 
A. Intra-Assay 
Intra-assay coefficient of variation has been calculated to be 3.3%. 
Session 
1 
2 
3 
Sample 
1 
2 
3 
1 
2 
3 
1 
2 
3 
Assay 1 
[TNF-
d]pg/ml 
837.0 
531.0 
199.0 
817.0 
447.0 
168.0 
827.0 
501.0 
170.0 
Assay! 
ITNF-
d]pg/inl 
870.0 
518.0 
203.0 
814.0 
470.0 
165.0 
845.0 
492.0 
175.0 
Assays 
[TNF-
d]pg/ml 
781.0 
539.0 
201.0 
790.0 
449.0 
182.0 
827.0 
476.0 
173.0 
mean 
intra 
assay 
829.3 
529.3 
201.0 
807.0 
455.3 
171.7 
833.0 
489.7 
172.7 
SD intra 
assay 
45.0 
10.6 
2.0 
14.8 
12.5 
9.1 
10.4 
12.7 
2.5 
CV 
intra 
assay 
5.43 
2.00 
1.00 
1.8 
2.8 
5.3 
1.2 
2.6 
1.5 
B. Inter-Assay 
Overall coefficient of variation was 9%. 
Operator 
A 
Session 
1 
2 
3 
4 
Sample 1 
837 
870 
781 
817 
814 
790 
827 
845 
827 
843 
810 
869 
Sample 2 
531 
518 
539 
446 
469 
449 
501 
492 
476 
429 
412 
392 
Sample 3 
199 
203 
201 
168 
164 
182 
170 
175 
173 
149 
148 
164 
95 
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B 
1 
2 
3 
4 
Mean 
SD 
CV 
848 
860 
778 
817 
820 
815 
772 
771 
771 
787 
781 
758 
810 
38 
5 
443 
455 
492 
431 
466 
438 
393 
381 
388 
444 
420 
442 
452 
44 
10 
157 
155 
158 
161 
158 
144 
156 
140 
134 
138 
142 
162 
163 
19 
12 
3.21. STATISTICAL ANALYSIS 
Data were stored and analyzed with standard computer software (SPSS vl7.0 Inc). 
Intra-group and inter-group comparisons were done by paired sample statistics and 
independent sample t-tests respectively. Values were expressed as means with 
standard deviation (SD), when normally distributed, or medians with the 25* and 75* 
percentiles inter-quartile range, when skewed. The changes in the same group 
(intergroup) with reference to varying time point of sampling during perioperative 
period were calculated with the help of student's t-test using group statistics, the 
paired sample t-test. As all the data are satisfying the assumption of equality and 
homogeneity of variance (Levene's Test), the parametric Independent sample t-test 
was used to compare the two groups together. The results are reported as the means 
plus or minus the standard error of the mean (SEM). 
Comparison among groups was computed with the help of ANOVA and for further 
two-sided multiple comparisons among groups, the Bonferroni test was ^plied. A 
two-tailed significance or p-values were reported and probability value of P < 0.05 
was considered statistically significant. 
The correlation between two biomarkers for example epinephrine versus Cortisol or 
one biomarker with clinical parameter such as epinephrine vs. heart rate was 
computed with Pearson correlation to know the linear correlation including direction 
96 
MATERIAL AND METHODS 
and strength of relationship between two test pairs. Recently, the value of Pearson 
correlation is interpreted as follows: the correlation between -0.7 to -0.3 indicate weak 
negative association, while coefficient value between -0.3 to +0.3 little or no 
association, +0.3 to +0.7 weak positive association, and +0.7 to +1.0 strong positive 
association. 
(Source: http://www.childrensmercv.org/stats/definitions/correlation.htm. 22 Mar 
2009). 
97 
RESULTS 
4. RESULTS 
4.1. INTRODUCTION 
Present study entitled ''A Prospective Biochemical Study of Systemic Stress 
Responses during Cholecystectomy & Abdominal Hysterectomy" included a total of 
63 patients who were operated in the Jawaharlal Nehru Medical College Hospital, A. 
M. U., Aligarh. Present study was completed over a period of four years from October 
2004 to September 2008. 
Twenty one patients were studied in each of the three groups - Laparoscopic 
cholecystectomy (LC) group. Open Cholecystectomy (OC) group and Open 
Abdominal Hysterectomy (OH) group, in terms of changes in Biochemical Markers 
and Clinical Parameters. 
The baseline characteristics of all patients were recorded in terms of age, sex, weight, 
height, body mass index, duration of surgery, duration of anaesthesia and post-
operative hospital stay, and they were compared statistically among the three groups -
LC, OC amd OH groups. 
The biochemical markers estimated in patients' sera of all the three groups in the 
present study included Glucose, Cortisol, Epinephrine, Norepinephrine, C-reactive 
protein and Tumour Necrosis Factor- alpha (TNF-alpha). 
Clinical parameters of Pulse Rate (PR), Systolic Blood Pressure (S.B.P.) and Diastolic 
Blood Pressure (D.B.P.) were recorded along with calculation of Mean Arterial 
Pressure (M.A.P.) and Rate-Pressure Product (RPP) in order to assess the 
Haemodynamic Responses in all the three groups. 
In every patient, five serum samples (Pre-operative, '/2 hour after start of surgery, end 
of surgery, 1st and 4th post-operative days) were timely collected and sera were duely 
prepared for estimation of the biomarkers. Furthermore, in every patient, the clinical 
parameters were recorded also at the same five time points for adequate & proper data 
interpretation and correlatin. 
The data so obtained were critically analyzed longitudinally over the course of the 
study within each of the three groups as well as cross-sectionally among the three 
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groups (LC, OC and OH) and the results are submitted herewith. All data are 
presented as Mean+SEM (Standard Error of Mean) unless mentioned otherwise. 
4.2. DEMOGRAPHIC DATA 
4.2.1. Age Distribution 
The Mean age ±SEM (Range) of the patients in the present study was 31.2±1.0 (18-
42), 33.1±1.1 (22-50) and 44.9±1.1 (35-55) years in the LC, OC and OH groups 
respectively (Table 41). The age of the patients was comparable between both LC and 
OC groups (p>0.05), however, it differed significantly between LC vs. OH group and 
OC vs. OH group (Table 41). 
Table 4-1: Age of the Patients in the Three Groups (LC, OC & OH) 
Groups 
LC Group 
OC Group 
OH Group 
Mean Age 
(years) 
31.238 
33.095 
44.857 
N 
21 
21 
21 
Minimum 
Age(yrs) 
18.00 
22.00 
35.00 
Maximum 
Age (yrs) 
42.00 
50.00 
55.00 
S.D. 
4.711 
4.867 
5.043 
S.E.M. 
1.028 
1.062 
1.100 
Intei^roup 
Sig. 
p-value 
LC vs. OC 
=0.235 
LC vs. OH 
<0.001 
OC vs. OH 
<0.001 
4.2.2. Sex Distribution 
All patients in the present study belonged to the female sex not only in the open 
abdominal hysterectomy group but also in the laparoscopic and open cholecystectomy 
groups, eliminating the gender bias. 
4.2.3. Weight Distribution 
Patients' weight (Mean ±SEM) was 45.0±1.0 kg in LC group (range 40-56), 46.5±1.1 
kg in OC group (range 40-60) and 52.3 ±1.3 kg in OH group (range 43-62). 
The weight was comparable between LC and OC groups (p>0.05) while it was found 
significantly different between LC vs. OH group (p<0.001) and OC vs. OH group 
(p<0.05) (Table 42). 
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Table 4-2: Weight of the Patients in the Three Groups (LC, OC & OH) 
Groups 
LC 
Group 
OC 
Group 
OH 
Group 
Mean 
Weight 
(Kg) 
45.000 
46.476 
52.286 
N 
21 
21 
21 
Minimum 
Weight 
(kg) 
40.00 
40.00 
43.00 
Maximum 
Weight 
(kg) 
56.00 
60.00 
62.00 
S.D. 
4.561 
5.046 
5.815 
S.E.M. 
0.995 
1.101 
1.269 
Intergroup 
Sig. 
p-value 
LC vs. OC 
0.318 
LC vs. OH 
<0.001 
OC vs. OH 
0.003 
4.2.4. Height of Patients 
Patients in LC, OC and OH groups had the Mean height ±SEM (range) of 155.4±1.0 
(150-162), 155.8±0.8 (150-163) and 156.7±0.7 (152-164) cms respectively (Table 4-
3). 
The height was found comparable between LC vs. OC groups and LC vs. OH groups 
but significant difference was noted between OC vs. OH groups on t-test analysis. 
However ANOVA and Bonferroni tests verified that there was statistically no 
significant difference among the three groups - p=0.792 between LC vs. OH, p=1.0 
between LC vs. OC and p=l .0 between OC vs. OH. 
Table 4-3: Height of the Patients in the Three Groups (LC, OC & OH) 
Groups 
LC 
Group 
OC 
Group 
OH 
Group 
Mean 
Height 
(cm) 
155.4 
155.8 
156.7 
N 
21 
21 
21 
Minimum 
Height 
(cm) 
150.00 
150.00 
152.00 
Maximum 
Height 
(cm) 
162.00 
163.00 
164.00 
S.D. 
4.62 
3.69 
3.02 
S.E.M. 
1.008 
0.804 
0.659 
Intergroup 
Sig. 
p-value 
LC vs. OC 
=0.730 
LC vs. OH 
=0.186 
OC vs. OH 
=0.038 
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4.2.5. Body Mass Index (BMI) 
The body mass index of the patients was found 18.6±0.2, 19.1 ±0.3 and 21.3±0.4 
Kg.m"^  in the LC, OC and OH groups respectively (Table 4-4). 
The BMI was comparable between LC and OC groups (p<0.05). However, it differed 
significantly between LC vs. OH groups and OC vs. OH groups (p<0.001) (Table 44). 
Table 4-4: BMI of the Patients in the Three Groups (LC, OC & OH) 
Groups 
LC Group 
OC Group 
OH Group 
N 
21 
21 
21 
Mean 
BMI 
(Kg.m^) 
18.596 
19.116 
21.259 
Minimum 
BMI 
(Kg.m') 
17.54 
17.71 
18.13 
Maximum 
BMI 
(Kg.m^) 
21.60 
23.15 
24.97 
S.D. 
1.089 
1.479 
2.006 
S.E.M. 
0.238 
0.323 
0.438 
Intergroup 
Sig. 
p-value 
LC vs. OC 
=0.134 
LC vs. OH 
<0.001 
OC vs. OH 
<0.001 
4.2.6. Duration of Surgery 
The duration of surgery recorded as Mean ± SEM (range) was 71.6±3.1 (45-91), 
73.8±3.6 (46-102) and 118.8 ± 2.0 (100-130) minutes fa the LC, OC and OH groups 
respectively (Table 4-5). 
On statistical analysis, LC and OC groups were found comparable with respect to 
duration of surgery (p>0.05). However, the LC vs. OH group and OC vs. OH groups 
were not comparable with each other (p<0.001) (Table 45). 
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Table 4-5: Duration of Surgery in tlie Three Groups (LC, OC & OH) 
Groups 
LC 
Group 
OC 
Group 
OH 
Group 
Mean 
Duration 
of 
Sui^ery 
(Minutes) 
71.619 
73.760 
118.809 
Minimum 
Duration 
of 
Snidery 
(Minutes) 
45.00 
46.00 
100.00 
Maximum 
Duration 
of 
Sui^ery 
(Minutes) 
91.00 
102.00 
130.00 
N 
21 
21 
21 
S.D. 
13.99 
16.57 
9.15 
S.E.M. 
3.05 
3.615 
1.997 
Intergroup 
Sig. 
p-value 
LCvs. 
OC=0.670 
LC vs. OH 
<0.001 
OC vs. OH 
<0.001 
4.2.7. Duration of Anaesthesia 
The duration of anaesthesia recorded as Mean ± SEM (range) was 83.1 ± 3.1 (56-
111), 85.6±3.5 (59-115) and 125.1±1.7 (110-138) minutes In the LC, OC and OH 
groups respectively (Table 4-6). 
Duration of anaesthesia was found comparable between LC and OC groups (p>0.05) 
while it differed significantly between LC vs. OH group and OC vs. OH group 
(p<0.001) (Table 46). 
Table 4-6: Duration of Anaesthesia in the Three Groups (LC, OC & OH) 
Groups 
LC 
Group 
OC 
Group 
OH 
Group 
Mean 
Duration 
of 
Anaesthesia 
(minutes) 
83.142 
85.571 
125.143 
Minimum 
Duration 
of 
anaesthesia 
(minutes) 
56.00 
59.00 
110.00 
Maximum 
Duration 
of 
anaesthesia 
(minutes) 
111.00 
115.00 
138.00 
N 
21 
21 
21 
S.D. 
14.37 
16.24 
7.63 
S.E.M. 
3.14 
3.55 
1.67 
Intergroup 
Sig. 
p-value 
LC vs. OC 
=0.635 
LC vs. OH 
<0.001 
OC vs. OH 
<«.001 
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4.2.8. Post-operative Hospital Stay 
The postoperative hospital stay (Mean ±SEM) was 3.5±0.3 days in laparoscopic 
cholecystectomy group, 6.6±0.4 days in open cholecystectomy group and 5.0± 0.3 
days in open hysterectomy group (Table 4-7). 
Range of the hospital stay was 1-6,4-10 and 5-10 days in the LC, OC and OH groups 
respectively. 
Inter-group differences in relation to postoperative hospital stay were found 
statistically significant among all the three groups with significance value of p<0.001 
between LC vs. OC groups and LC vs. OH groups, and with significance value of 
p<0.05 between OC and OH groups (Table 47). 
Table 4-7: Post-operative Hospital Stay in the Three Groups (LC, OC & OH) 
Groups 
LC Group 
OC Group 
OH Group 
Mean 
Postop 
Hospital 
Stay 
(days) 
3.48 
6.57 
8.00 
Minimum 
Postop 
Hospital 
Stay 
(days) 
1.00 
4.00 
5.00 
Maximum 
Postop 
Hospital 
Stay 
(days) 
6.00 
10.00 
10.00 
N 
21 
21 
21 
S.D. 
1.29 
2.04 
1.18 
S.E.M. 
0.28 
0.44 
0.26 
Intergroup 
Sig. 
p-value 
LC vs. 
OC 
<0.001 
LC vs. 
OH 
<0.001 
OC vs. OH 
=0.036 
4.2.9. Comparison of Demographic Data between Different Groups 
Finally, the various demographic data between different groups were compared 
statistically. Age, weight, height, body mass index of the patients, and operating & 
anaesthetic time were found comparable between LC and OC groups (p>0.05) and 
these parameters differed significantly between LC vs. OH groups and OC vs. OH 
groups (Table 48). 
Table 4-8: Comparison of Demographic Data between Different Groups 
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Groups 
LCvs. 
OC 
LCvs. 
OH 
OCvs. 
OH 
*Not signij 
Statistical Significance: p-value 
Age 
=0.235* 
<0.001 
<0.001 
leant 
Weight 
=0.318* 
<0.001 
<0.05 
Height 
=0.730* 
=0.186* 
<0.05 
BMI 
=0.134* 
<0.001 
<0.001 
Operating 
Time 
=0.670* 
<0.001 
<0.001 
Anaesthetic 
Time 
=0.635* 
<0.001 
<0.001 
Hospital 
Stay 
<0.001 
<0.001 
<0.05 
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43 . PART A: ^fEUROENDOCRI^fE & CYTOKINE RESPONSES 
4.3.1. SERUM GLUCOSE RESPONSE 
43.1.1. Serum Glucose Levels following laparoscopic Cholecystectomy 
In the Laparoscopic Cholecystectomy (LC) group, pre-operative value of serum 
glucose was 96.71± 2.837mg/dl (mean± SEM). The serum glucose level increased to 
154.86± 3.595mg/dl half-an-hour after incision and this increase in serum glucose 
was found statistically significant (p<0.00l) (Table 4-9). 
At the end of surgery, the observed value was 156.29± 2.796mg/dl and the increase 
was again proved significant (p<0.001) (Table 4-9 and Table 4-10). On 1'* and 4* 
postoperative days, glucose concentrations were recorded 98.57± 1.922mg/dl and 
97.62± 2.229mg/dl respectively, and both these values were not significantly different 
from the pre-operative value (p=0.448 and p=0.623 respectively) (Table 4-10). 
Therefore, in terms of serum glucose, the additional surgical strain was present during 
intra-operative period which reverted towards normal in the postoperative period 
(Table 4-10). 
Table 4-9: Serum Glucose Changes following Laparoscopic Cholecystectomy 
s. 
No. 
1. 
2. 
3 
4. 
5. 
Time of Sampling 
In LC Group 
Preoperative 
Vi hour after incision 
Endof Sui^ery 
1st post operative day 
4th postoperative day 
Mean Serum 
Glucose (mg/dl) 
96.71 
154.86 
156.29 
98.57 
97.62 
N 
21 
21 
21 
21 
21 
S.D. 
13.001 
16.475 
12.811 
8.807 
10.215 
S. E.M. 
2.837 
3.595 
2.796 
1.922 
2.229 
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Table 4-10: Statistical Significance of 
Sampling time 
In LC Group 
Preop - Vi hr 
after incision 
Preop -end of 
surg. 
Preop-lst 
postop 
Preop-4th 
postop 
Difference 
of Mean 
-58.143 
-59.571 
-1.857 
-.905 
Difference 
ofStd. 
Deviation 
17.367 
16.030 
10.992 
8.300 
s-Glucose Changes in the LC group 
S.E.D 
3.790 
3.498 
2.399 
1.811 
95% C.I.D. 
Lower 
66.048 
66.868 
-6.861 
-4.683 
Upper 
50.237 
52.275 
3.146 
2.873 
t-value 
-15.342 
-17.030 
-0.774 
-0.500 
df 
20 
20 
20 
20 
P-
value 
<0.001 
<0.001 
<0.448 
0.623 
43.1.2. Serum Glucose Levels following Open Cholecystectomy 
In the Open Cholecystectomy (OC) group, pre-operative value of serum glucose was 
96.3 8± 2.1903mg/dl (mean± SEM). The serum glucose level increased to 144.047± 
3.2208 mg/dl half-an-hour after start of surgery and this increase in serum glucose 
was found statistically significant (p<0.001) (Table 4-11 & 4-12). 
At the end of surgery, the observed value was 148.619±2.87143 mg/dl and the 
increase was again proved significant (p<0.001) (Table 4-11 & 4-12). 
Table 4-11: Serum Glucose Changes following Open Cholecystectomy 
S.No. 
1 
2. 
3. 
4. 
5. 
Time of Sampling in 
OC group 
Preoperative 
l/2an hr after incision 
EndofSui^ery 
1st post operative day 
4th postoperative day 
Vlean Serum 
Glucose (mg/dl) 
96.3810 
144.048 
148.619 
124.381 
104.905 
N 
21 
21 
21 
21 
21 
Std. 
Deviation 
10.03731 
14.760 
13.158 
4.632 
9.300 
Std. Error of 
Mean 
2.190 
3.221 
2.871 
1.011 
2.029 
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Table 4-12: Statistical Significance of s-
Pairing 
s-Glucose (OC) 
Preop - */4 hr after 
incision 
Preop -end of op 
Preop-lst postop 
Preop-4tIi postop. 
Diff. of 
Mean 
47.666 
-52.238 
28.000 
-12.238 
Diff. of 
S.D. 
13.654 
12.530 
9.930 
7.169 
Glucose Changes in the OC 
95% C.I.D. 
Lower 
53.882 
-57.94 
32.520 
15.501 
Upper 
41.451 
-46.53 
23.480 
-8.975 
t-
value 
-15.998 
-19.106 
-12.922 
-7.823 
group. 
df 
20 
20 
20 
20 
P-
value 
<0.001 
<0.001 
<0.001 
<0.001 
43.13. Serum Glucose Levels following Open Abdominal Hysterectomy 
In the Open Abdominal Hysterectomy group (OH), pre-operative value of serum 
glucose was 96.4286± 2.30276mg/dl (mean± SEM). 
The serum glucose level increased to 138.143± 1.386 mg/dl half-an-hour after start of 
surgery and this increase in serum glucose was found statistically significant 
(p<0.001) (Table 4-13). At the end of surgery, the observed value was 149.714±1.740 
mg/dl and the increase was again proved significant (p<0.001) (Table 4-13 and 4-14). 
On 1st and 4th postoperative days, glucose concentrations were recorded 
121.952±L717 mg/dl andl08.1429± 1.628mg/dl respectively, and both these values 
were significantly higher than the pre-operative baseline value (p <0.001 and p <0.001 
respectively) (Table 4-13 and 4-14). 
That means that the serum glucose level did not return to the pre-operative value in 
the Open Cholecystectomy (OC) group even on the 4th post-operative day. 
Table 4-13: Serum Glucose levels following Open Abdominal Hysterectomy 
S.No. 
1. 
2. 
3. 
4. 
5 
Timing of Samplings 
Preoperative 
Half hour after 
incision 
Endof Sui^ery 
1** post operative day 
4* postoperative day 
Mean (mg/dl) 
96.429 
138.143 
149.7143 
121.952 
108.143 
No. of pts 
21 
21 
21 
21 
21 
S.D. 
10.553 
6.350 
7.976 
7.871 
7.458 
S.E.M. 
2.302 
1.386 
1.740 
1.717 
1.628 
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Table 4-14: Statistical Significance of s-Glucose Changes in the OH Group 
Pairing 
s-Glucose 
(OH) 
Preop - Vi 
hr after 
incision 
Preop -end 
of surgery 
Preop-
l**po.day 
Preop-
4"'po.day 
Difference 
of Mean 
41.714 
53.286 
25.524 
11.714 
Difference 
ofS.D. 
12.325 
9.344 
10.308 
10.817 
Difference 
ofS.E.M. 
2.690 
2.039 
2.249 
2.360 
95% C.I.D. 
Lower 
-47.33 
-57.54 
-30.22 
-16.64 
Upper 
-36.10 
-49.03 
-20.83 
-6.79 
t-value 
-15.509 
-26.132 
-11.347 
-4.963 
df 
20 
20 
20 
20 
P-
value 
<0.001 
<0.001 
<0.001 
<0.001 
43.1.4. Intei^roup Differences in s-Glucose Levels between LC vs. OC Groups 
The pre-operative serum glucose level was comparable between two groups (p = 
0.926) (Table 4-15). Followmg half-an-hour after incision, the two tailed significance 
value between two groups was found 0.031, indicating unequal stress responses 
between two groups during surgery (p<0.05), i.e., in the initial phase of laparoscopic 
cholecystectomy, glucose response is significantly higher than in the open 
cholecystectomy. However, glucose response at the end of laparoscopic surgery was 
not statistically different (p=0.067) from the glucose response at the end of open 
surgery (Table 4-15); indicating that the overall acute intra-operative response was 
almost similar in both the groups. 
In the postoperative period dayl and 4, significantly different (p<0.001) glucose 
responses was found between the two groups; increased glucose response was 
continued in the open cholecystectomy group while the glucose response returned 
towards normal in the laparoscopic group (Table 4-15). That means acute stress 
response in the open cholecystectomy group persisted for a much longer period. 
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Table 4-15: Comparison of s-Glucose Changes between LC & OC Groups 
s-Glucose 
Sample 
Time 
Pre-op 
Vihr after 
Incision 
End of 
Surgery 
1*' Postop 
day 
4* Postop 
day 
Means 
(mg/dL) 
(LC& 
OC) 
96.71 & 
96.38 
154.86 & 
144.05 
156.29 & 
148.62 
98.57 & 
124.38 
97.62 & 
108.62 
Diff. 
Of 
Means 
0.33 
10.81 
7.667 
-25.81 
-11.00 
S.E.D 
3.584 
4.827 
4.067 
2.171 
2.756 
95 % CID 
Lower 
Limit 
-6.910 
1.054 
-0.553 
-30.20 
-16.57 
Upper 
Limit 
7.577 
20.565 
15.887 
-21.42 
-5.430 
t-
value 
0.093 
2.239 
1.885 
-11.87 
-3.991 
P-
value 
0.926 
0.031 
0.067 
<0.001 
<0.001 
43.1.5. Intergroup Differences in Serum Glucose Levels between LC vs. OH 
The pre-operative serum glucose levels were comparable between two groups 
(Levene's test significance 0.471 & t-test significance 0.938) (table 4-16). Following 
half-an-hour after incision, t value between two groups was foimd 4.338 indicating 
unequal stress responses between two groups during surgery (p<0.001), i.e., in the 
initial phase of l^)aroscopic cholecystectomy, glucose response is significantly higher 
than in the open hysterectomy. 
However, glucose response at the end of laparoscopic surgery was not statistically 
different (p=.053) fi-om the glucose response at the end of open surgery (Table 4-16); 
indicating that the overall acute intra-operative response was almost similar in both 
the groups. 
In the postoperative period dayl and 4, significantly different (p<0.001) glucose 
responses was found between the two groups; increased glucose response was 
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continued in the open hysterectomy group while the glucose response returned 
towards normal in the laparoscopic group (Table 4-16). That means acute stress 
response in the open cholecystectomy group persisted for a much longer period. 
Table 4-16: Comparison of s-Glucose Changes between LC & OH Groups 
s-Glucose Sample 
Time 
Preoperative 
*/4 Hour after 
incision 
End of Surgery 
l^Postop.day 
4* Postop day 
Means 
(mg/dL) 
(LC& 
OH) 
96.71& 
96.43 
154.86 & 
138.14 
156.29 & 
149.71 
98.57 & 
121.95 
97.62 & 
108.14 
DifT. of 
Means 
0.286 
16.714 
6.571 
-23.38 
-10.52 
S.E.D 
3.654 
3.853 
3.293 
2.577 
2.760 
95 % cro 
Lower 
Limit 
- 7.099 
8.927 
- 0.084 
-28.590 
-16.102 
Upper 
Limit 
7.671 
24.501 
13.227 
-18.172 
- 4.946 
t-value 
0.078 
4.338 
1.996 
9.071 
-3.813 
P-
value 
0.938 
<0.001 
0.053 
<0.001 
<0.001 
43.L6. Intergroup Differences in Serum Glucose Levels during OC vs. OH 
The baseline preoperative values in serum glucose levels in open cholecystectomy & 
open Hysterectomy were verified comparable (Levene's test significance 0.817 and t-
test significance 0.988) (Table 4-17). 
The serum glucose levels were comparable after half-an-hour of surgery, at the end of 
surgery, at 1st postoperative day and at 4th postoperative day (p= 0.100, 0.751, 0.230 
and 0.837 respectively) between the two groups (Table 4-16). 
Therefore, the intra-operative and post-operative stress response in serum glucose 
followed the similar pattern of changes in the open cholecystectomy group as well as 
open Hysterectomy group. 
However, the post-operative changes did not return to the baseline level on the 4th 
day in both the groups, indicating persistence of acute stress response for longer 
period after open surgery. 
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Table 4-17: Comparison of i 
s-Glucose 
Sample 
Time 
Preop 
Vi hr after 
incision 
End of 
Surgery 
1''Post-Op 
Day 
4* Post-Op 
Day 
Means 
(mg/dL) 
(OC& 
OH) 
96.381 & 
96.429 
144.048 & 
138.143 
148.619 & 
149.714 
124.381 8L 
121.952 
108.619 & 
108.143 
s-Glucose Changes between OC & OH Groups 
Dm. 
of 
Means 
-.048 
5.905 
-1.095 
2.429 
0.476 
S.E.D^ 
3.178 
3.506 
3.429 
1.993 
2.297 
95 % CID** 
Lower 
Limit 
-6.471 
-1.182 
-8.025 
-1.599 
-4.166 
Upper 
Limit 
6.376 
12.991 
5.834 
6.456 
5.118 
t-
value 
-.015 
1.684 
-.319 
1.219 
0.207 
P-
value 
0.988 
0.100 
0.751 
0.230 
0.837 
43.1.7. Comparison of s-Glucose Changes among LC, OC & OH Groups 
The preoperative values in serum glucose levels in the laparoscopic cholecystectomy, 
open cholecystectomy & open hysterectomy groups were verified comparable 
(ANOVA significance = 0.995) (Table 4-18). 
The changes were statistically significant (p<0.001) fi-om each other after half-an-
hour after incision between LC and OC and between LC and OH (Table 4-19). At 
completion of surgery, comparable rise in serum glucose level was noted among 
groups (p=0.080) (Table 4-18). Multiple comparison by Bonferroni test (2-tailed) test 
verified that changes seen in the laparoscopic cholecystectomy and open 
Hysterectomy groups were significantly different fix)m each other on 1st and 4th 
postoperative day (p<0.001); the raised glucose level returned to near normal value at 
1st postoperative day in laparoscopic group while it remained significantly high in 
open Hysterectomy till 4th post-operative day (Table 4-19). 
Glucose responses seen in the 3 study groups -LC, OC and OH were graphically 
compared in the figure 4-1. 
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Table 4-18: Comparison of s-Glucose changes among 3 Groups by ANOVA 
Serum glucose 
Sampling time 
Preoperative 
1/2 hr.after incision 
Endofsurgeiy 
1^ * postop. day 
4* postop. day 
Sum of 
Squares 
1.365 
3017.556 
722.127 
8530.889 
1623.841 
df 
2 
2 
2 
2 
2 
Mean 
Square 
0.683 
1508.778 
361.063 
4265.444 
811.921 
F 
0.005 
8.547 
2.636 
79.504 
11.323 
p-value 
0.995 
0.001 
0.080 
<0.001 
<0.001 
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Table 4-19: Comparison of: 
Serum glucose 
sampling time 
Preoperative 
1/2 an hr. after 
incbion 
End of surgery. 
1st postop day 
4th Postop day 
i-Glucose among 3 Groups by Bonferroni Test 
Comparison 
between 
groups 
LC 
LC 
OC 
LC 
LC 
OH 
LC 
LC 
OH 
LC 
LC 
OH 
LC 
LC 
OH 
OC 
OH 
OH 
OC 
OH 
OC 
OC 
OH 
OC 
OC 
OH 
OC 
OC 
OH 
OC 
Mean 
Differ-
ence 
0.333 
0.286 
-0.048 
10.810* 
16.714* 
-5.905 
7.667 
6.571 
1.095 
-25.81* 
-23.38* 
-2.429 
-11.01* 
-10.52* 
-0.476 
Std. 
Error 
3.478 
3.478 
3.478 
4.100 
4.100 
4.100 
3.612 
3.612 
3.612 
2.260 
2.260 
2.260 
2.613 
2.613 
2.613 
Sig. 
(p-value) 
1.000 
1.000 
1.000 
0.032 
<0.001 
0.465 
0.114 
0.222 
1.000 
<0.001 
<0.001 
0.861 
<0.001 
<0.001 
1.000 
95% CI. 
Lower 
Bound 
-8.23 
-8.28 
-8.61 
.71 
6.62 
-16.00 
-1.23 
-2.32 
-7.80 
-31.38 
-28.95 
-8.00 
-17.44 
-16.96 
-6.91 
Upper 
Bound 
8.90 
8.85 
8.52 
20.91 
26.81 
4.19 
16.56 
15.47 
9.99 
-20.24 
-17.81 
3.14 
-4.56 
-4.09 
5.96 
*. The mean difference is significant at the 0.05 level 
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Figure 4-1: Comparison of s-Glucose changes among LC, OC & OH (Hys) Groups. 
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4.3.2. SERUM CORTISOL RESPONSE 
43.2.1. Cortisol Response Following Laparoscopic Cholecystectomy (LC) 
In LC group, preoperative serum Cortisol level was 423.00±25.958 nmol/litre (mean± 
S.E.M.). This increased significantly (p<0.001) half-an-hour after incision to 
589.33±24.615 nmol/litre. At the end of surgery, mean Cortisol value fiirther increased 
(p<0.001). However, serum Cortisol level started decline to preoperative value 
(p=0.573) on 1"' postoperative day (Table 4-20 and 4-21). 
Table 4-20: Serum Cortisol Changes following Laparoscopic Cholecystectomy 
Cortisol 
Sampling Time 
Preoperative. 
Half hour after incision 
End of surgery 
1"' postoperative. 
4* postoperative. 
Mean Cortisol 
(nmol/liter) 
LC Group 
423.000 
589.333 
710.857 
439.476 
311.238 
N 
21 
21 
21 
21 
21 
S.D. 
118.954 
112.802 
138.112 
104.298 
58.515 
S.E.M. 
25.958 
24.615 
30.138 
22.760 
12.769 
Table 4-21: Statistical Significance of s-Cortisol Changes in the LC group 
Variables 
Preop -Yihr 
after incision 
Preop-end of 
surgery. 
Preop-l** 
postoperative 
Preop-4* 
postoperative 
Difference 
of Means 
-166.333 
-287.857 
-16.476 
111.762 
Difference 
S.D. 
129.025 
150.762 
131.840 
103.588 
95%CID 
Lower 
-225.065 
-356.483 
-76.489 
64.609 
Upper 
-107.602 
-219.231 
43.537 
158.915 
t-value 
-5.908 
-8.750 
-0.573 
4.944 
df 
20 
20 
20 
20 
p-value 
<0.001 
<0.001 
0.573 
<0.001 
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At 4* postoperative day, the Cortisol concentration recorded (311.238± 58.515 
nmol/litre) statistically different (p<0.001) from the preoperative value (Table 4-21). 
Therefore, in term of Cortisol in LC group additional surgical str^n was over in the 
postoperative period. 
4 J.2.2. Cortisol Response following Open Cholecystectomy 
In open cholecystectomy, preoperative Cortisol value recorded was 341.476± 20.860 
nmol/litre (mean± S.E.M.). The concentration increased significantly (p<0.001) at 
half-an-hour after start of surgery and at the end of surgery respectively. 
Table 4-22: Serum Cortisol Changes following Open Cholecystectomy 
Cortisol (nmol/L) 
Variables 
Preoperative. 
1/2 hr after incision 
End of sui^ery. 
1*' postoperative 
4* postoperative 
Mean 
341.476 
629.952 
781.524 
595.619 
493.333 
N 
21 
21 
21 
21 
21 
S.D. 
95.592 
117.195 
134.921 
129.800 
116.144 
S.E.M. 
20.860 
25.574 
29.442 
28.325 
25.345 
Table 4-23: Statistical Significance of s-Cortisol Changes in the OC group 
Cortisol 
Sample Pairing 
(OC) 
Preop. - Vz hr 
after incision 
Preop.-end of 
surgery. 
Preop.-!"* 
postoperative 
Preop.-4* 
postoperative 
Difierenc 
eof 
Means 
-288v476 
-440.048 
-254.143 
-151.857 
Differenc 
eofS.D. 
82.659 
138.196 
161.665 
132.849 
95% CID 
Lower 
-326.10 
-502.95 
-327.73 
-212.33 
Upper 
-250.85 
-377.14 
-180.55 
-91.39 
t-
value 
-15.993 
-14.592 
-7.204 
-5.238 
df 
20 
20 
20 
20 
P-
value 
<0.001 
<0.001 
<0.001 
<0.001 
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On the 1^ ' and 4* postoperative day the serum Cortisol concentration observed were 
595.619±28.325 nmol/litre and 493.33±25.345 nmol/litre respectively. All tiie mean 
values recorded at above mentioned time period were statistically significant 
(p<0.001) and proved to be different from the preoperative value (Table 4-22 and 4-
23). 
43.23. Serum Cortisol Levels during Open Abdominal Hysterectomy 
In abdominal hysterectomy group preoperative Cortisol level recorded was 325.3810± 
12.295Inmol/litre (mean± SEM). This mean value increased to 657.809± 
16.987nmol/litre and 926.095± 50.729 nmol/litre following half-an-hour of surgery 
and at the end of surgery respectively. On statistical computation the value recorded 
were proved to be statistically significant (p<0.001) (Table 4-24 and 4-25). 
In the postoperative period the values recorded were 627.238 ±37.417 nmol/litre and 
544.38± 24.9719 nmol /litre at 1*' and 4* postoperative day. These Cortisol 
concentrations remained significantly high (p<0.001) in comparison to preoperative 
value (Table 4-24 and 4-25). 
Table 4'24: Seum Cortisol Levels following Open Abdominal Hysterectomy 
Cortisol 
Sampling Time 
Preoperative. 
Half hr after incision , 
End of surgery. 
1** postop. day 
4* postop. day 
Mean Cortisol 
(nmol /litre) 
(OH) 
325.381 
657.810 
926.095 
627.238 
544.381 
No. of 
patients 
21 
21 
21 
21 
21 
Std. 
Deviation 
56.343 
77.844 
232.470 
171.468 
114.436 
Std. Error 
of Mean 
12.2951 
16.987 
50.729 -
37.417 
24.972 
117 
RESULTS 
Table 4-25: Statistical Significance of s-Cortisol Changes in the OH Group 
Cortisol 
Sampling Time 
Pair 
Preop - V^ hr after 
incision 
Preop-end of 
operation 
Preop.-l** postop. 
day 
Preop-4* 
postop.day 
Difference 
of Means -
-332.43 
-600.71 
-301.86 
-219.00 
Difference 
ofS.D. 
70.225 
204.612 
180.57361 
122.45571 
95%CID 
upper 
-364.40 
-693.85 
-384.05 
-274.74 
lower 
-300.46 
-507.58 
-219.66 
-163.26 
t-
value 
-21.69 
-13.45 
-7.66 
-8.195 
df 
20 
20 
20 
20 
p-value 
<0.001 
<0.001 
<0.001 
<0.001 
4.3.2.4. Comparison of s-Cortisol Changes between LC & OC groups 
Comparison of Cortisol level at half an hour after incision and at the end of surgery 
between LC and OC was found to be statistically insignificant (p=0 .259 and 
O.lOlrespectively) (Table 4-26). 
However, postoperative day 1 and day 4 the surgical trauma was significantly different 
(p<0.001) from preoperative period, as the stress response was subdued but continued 
in the conventional group, it returned towards normal in ljq>aroscopic group (Table 4-
26). 
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Table 4-26:.Intergroup Differences in s- Cortisol levels during 
Cortisol (nmol/L) 
Sampling time 
(LC-OC) 
Preoperative 
^1 hr. after 
incision 
End of operation 
Preop.-l** postop. 
Preop-4* postop. 
t-
value 
2.448 
-1.14 
-1.67 
-4.30 
-6.42 
df 
40 
40 
40 
40 
40 
p-value 
0.019 
0.259 
0.101 
<0.001* 
<0.001* 
Mean 
Difference 
81.52 
-40.62 
-70.67 
-156.14 
-182.10 
S.E.D. 
33.30 
35.50 
42.13 
36.34 
28.38 
LC vs OC 
95%CID 
Lower 
14.22 
-112.36 
-155.82 
-229.58 
-239.45 
Upper 
148.83 
31.12 
14.49 
-82.71 
-124.74 
4.3.2.5. Comparison of s-Cortisol Changes between LC & OH Groups 
On comparison for changes in serum Cortisol concentration following two different 
type of surgery (LC vs. OH) by independent sample t-test the equality of mean was 
found to be statistically significant (p<0.001) during intra-operative as well as 
postoperative period day 1 and day 4 ( Table 4-27). As the stress response continued in 
the hysterectomy group but returned towards baseline in laparoscopic group. 
Table 4-27: Intei^roup Differences in s-Cortisol Levels between LC and OH 
Cortisol (nmol/L) 
Sampling time 
(LC-OH) 
1. Preoperative 
2.1/2 hr after 
incision 
3. end of surgery 
4.1^ postop day 
5.4* postop day 
t-
value 
2.447 
-2.290 
-3.849 
-4.287 
-8.313 
df 
40 
40 
40 
40 
40 
P-
value 
0.019 
0.027 
<0.001 
<0.001 
<0.001 
Mean 
Difference 
71.857 
-68.476 
-200.952 
-187.762 
-233.143 
S.E.D. 
29.363 
29.908 
52.211 
43.796 
28.047 
95%CID 
Lower 
12.51 
-128.92 
-306.48 
-276.28 
-289.83 
Upper 
131.20 
-8.03 
-95.43 
-99.25 
-176.46 
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4J.2.6. Comparison of s-Cortisoi Changes between OC and. OH Groups 
Following two different types of surgery by conventional method the changes in 
serum Cortisol concentration between two groups was computed by independent 
sample t-test in term of equality of means. 
The preoperative mean values of Cortisol concentration in two groups was comparable 
initially (p=0.701). After half an hour after start of surgery the mean values between 
two groups proved to be comparable (p= 0.370). 
However, serum Cortisol responses observed at the end of surgery between two 
groups were statistically significant (p<0.05) (Table 4-28). 
In the postoperative period intergroup differences between open cholecystectomy and 
hysterectomy proved to be insignificant at 1^ ' postoperative day and at 4 
postoperative day (p=0.504 at dayl and p=0.159 at day4, respectively) (Table 4-28). 
Therefore, in term of Cortisol responses both the conventional surgery groups were 
comparable with each other (Table 4-28). 
Table 4-28: Intei^roup Differences in s - Cortisol Levels between OC & OH 
Sampling Time 
Cortisol (nmol/L) 
OCvsOH 
1. Preoperative 
(OC-OH) 
2.1/2 hr after incision 
(OC-OH) 
3. End of operation 
(OC-OH) 
4.1** postop day 
(OC-OH) 
5.4* postop day 
(OC-OH) 
t-
value 
-0.387 
-0.907 
-2.515 
-0.674 
-1.435 
df 
40 
40 
40 
40 
40 
P-
value 
0.701 
0.370 
0.016 
0.504 
0.159 
Mean 
Difference 
-9.667 
-27.857 
-130.286 
-31.619 
-51.048 
S.E.D. 
24.970 
30.702 
51.812 
46.930 
35.580 
95%CID 
Lower 
-60.13 
-89.91 
-235.00 
-126.47 
-122.96 
Upper 
40.78 
34.19 
-25.57 
63.23 
20.86 
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43.2 J. Comparison of s-Cortisol Changes among LC, OC and OH Groups 
Multiple comparisons among groups were done by ANOVA (Table 4-29) followed by 
Bonferroni test. Cortisol levels recorded among groups were significant at the end of 
surgery and in the postoperative period (Table 4-30). 
The p values were found p<0.05 between LC and OH groups and <0.001 between OC 
and OH group at the end of surgery (Table 4-30). 
At the first postoperative day the values were statistically significant between LC and 
OC groups (p<0.05) and LC and OH groups (p<0.001), but were statistically 
insignificant between OC and OH groups (p=l .00). 
At 4* postoperative day values again proved significant between LC and OC groups 
and LC and OH groups (p<0.001) and insignificant between OC and OH groups 
(p=0.310) (Table 4-30). 
Graphic representation of perioperative Cortisol responses among LC, OC and OH 
groups were depicted in figure 4-2. 
Table 4-29: Comparison of s-Cortisol Changes among 3 Groups by ANOVA 
Sampling Time 
Cortisol (nmol/L) 
1. Preoperative. 
2. Vi hr after incision 
3. End of operation. 
4.1** postop. day 
5.4* postop.day 
Sum of 
Squares 
83321.175 
49804.413 
436450.032 
424444.222 
630840.889 
df 
2 
2 
2 
2 
2 
Mean 
Square 
41660.587 
24902.206 
218225.016 
212222.111 
315420.444 
F 
4.588 
2.297 
8.677 
11.145 
31.533 
Sig. 
0.014 
0.109 
<0.001 
<0.001 
<0.001 
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Table 4-30: Comparison of s-Cortisol among 3 Groups by Bonferroni test 
Cortisol (nmol/L) 
at various 
time points 
Preoperative. 
1/2 hr after 
incision. 
End of operation 
1** postop day 
4* postop day 
Comparison 
between 
groups 
LC -- OC 
LC -- OH 
OC - OH 
LC - OC 
LC -- OH 
OC - OH 
LC - OC 
LC -- OH 
OC - OH 
LC - OC 
LC - OH 
OC - OH 
LC-OC 
LC - OH 
OC - OH 
Mean 
Difference 
8L524* 
7L857 
9.667 
-40.619 
-68.476 
27.857 
-70.667 
-130.286* 
200.952' 
-156.143* 
-187.761* 
31.619 
-182.095* 
-233.186* 
-51.048 
Difference 
ofStd. 
Error 
29.40872 
29.40872 
29.409 
32.130 
32.130 
32.130 
48.941 
48.941 
48.941 
42.586 
42.586 
42.586 
30.865 
30.865 
30.865 
p -value. 
0.022 
0.053 
1.000 
0.633 
0.112 
1.000 
0.462 
0.030 
<0.001 
0.002 
<0.001 
1.000 
<0.001 
<0.001 
0.310 
95%CID 
Lower 
9.091 
-0.575 
-62.766 
-119.754 
-147.611 
-51.277 
-191.206 
-250.825 
80.413 
-261.030 
-292.649 
-73.268 
-258.115 
-309.163 
-127.067 
Upper 
153.956 
144.289 
82.099 
38.516 
10.659 
106.992 
49.873 
-9.746 
321.492 
-51.255 
-82.875 
136.506 
-106.075 
-157.123 
24.972 
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Figure 4-2: Comparison of s-Cortisol Response among LC, OC and OH Groups 
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4.3.3. EPINEPHRINE RESPONSES 
4.33.1. Serum Epinephrine levels following Laparoscopic Cholecystectomy 
In the laparoscopic group, preoperative serum epinephrine level was 0.289± 
0.025nmol/litre (mean± SEM), which increased to 0.535± 0.041nmoiyUtre, 0.838± 
0.052 nmol/litre, after half-an-hour after incision and at the end of surgery 
respectively. These values proved significant on statistical computations (p<0.001) 
(Table 31 and 32). However, in the subsequent postoperative period the concentration 
recorded have significantly reduced (p< 0.024) epinephrine level (0.370±0.030 
nmolAitre) at Is postoperative day. At 4th postoperative day serum epinephrine level 
noted was 0.240± 0.060nmol/litre (p = 0.055) (Table 4-3land 4-32). 
Table 4-31: s-Epinephrine Changes following Laparoscopic Cholecystectomy 
Sampling time 
Epinephrine (nmol/L) 
1. Preoperative 
2. Half hr after incision 
3. End of surgery 
4.1** postop.day 
5.4 postop.day 
Mean 
epinephrine 
(nmol/litre) 
0.289 
0.536 
0.838 
0.370 
0.240 
No of 
patients 
21 
21 
21 
21 
21 
S.D. 
0.1148 
0.1890 
0.2404 
0.1399 
0.0601 
S. E. M. 
0.0251 
0.0412 
0.0525 
0.0305 
0.0131 
Table 4-32: Statistical Significance of s-Epinephrine Levels in the LC Group 
Epinephrine (nmoi/L) 
Self Pairing 
Preop.- Vx hr after 
incision 
Preop. - End of operation. 
Preop. - 1st postop day. 
Preop.- 4th postop.day 
Mean 
-0.246 
-0.549 
-0.081 
0.050 
S.E.M. 
0.032 
0.064 
0.033 
0.024 
95%CID 
Lower 
-0.313 
-0.682 
-0.150 
-0.001 
Upper 
-0.180 
-0.415 
-0.012 
0.100 
t-
value 
-7.708 
-8.588 
-2.442 
2.040 
P-
value 
<0.001 
<0.001 
0.024 
0.055 
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433.2. Serum Epinephrine Levels following Open Cholecystectomy 
Preoperative (mean±S.E.M.) epinephrine concentration (0.222± 0.016 nmol/litre) 
increased to 0.536±0.039 nmol/litre at half-an-hour after incision and reached the 
maximum level (0.795±0.032nmol/litre) at the end of open cholecystectomy. On 1^* 
postoperative day the serum epinephrine concentration recorded was 0.608±0.032 
nmol/litre, which was also raised significantly (p<0.001) from the preoperative value 
(Table 4-33 and 4-34). 
Table 4-33: Serum Epinephrine Levels following Open Cholecystectomy 
Sampling time 
Epinephrine (nmol/L) 
1. Preoperative. 
2. Half hr after incision 
3. End of surgery 
4.1** postop. day 
5.4*'' postop. day 
Mean 
epinephrine 
(nmol/litre) 
0.222 
0.536 
0.795 
0.608 
0.211 
No. of 
patients 
21 
21 
21 
21 
21 
S.D. 
0.076 
0.179 
0.147 
0.148 
0.046 
S.E.M 
0.016 
0.039 
0.032 
0.032 
0.010 
Table 4-34: Statistical Significance of s-Epinephrine levels in the OC Group 
Epinephrine 
Self Pairing (OC) 
Preop.- V^ hr after 
incision 
Preop.- End of operation 
Preop.- 1st postop. Day 
Preop.- 4th postop. Day 
Diff. 
of 
Mean 
-0.314 
-0.573 
-0.386 
0.011 
Diff. 
of 
S.D. 
0.171 
0.123 
0.149 
0.065 
95%CID 
Lower 
-0.392 
-0.629 
-0.454 
-0.019 
Upper 
-0.236 
-0.518 
-0.319 
0.040 
t-
value 
-8.423 
-21.428 
-11.909 
0.771 
df 
20 
20 
20 
20 
P-
value 
<0.001 
<0.001 
<0.001 
0.450 
In the 4 postoperative day, the serum epinephrine concentration recorded was 0.211± 
0.009nmol/litre, which was not significantly different from the preoperative value 
(p=0.450) (Table 4-33 and 4-34). 
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4333 . Serum Epinephrine Levels following Open Abdominal Hysterectomy 
The preoperative mean ± SEM epinephrine concentration before being stressed by 
operation was 0.258±0.019nmol/Iitre. 
Following open abdominal hysterectomy operation the epinephrine concentration 
increased to 0.5252±0.045nmol/litre and 0.9105±0.048 nmol/litre after half-an-hour 
after start of operation and at the end of surgery, which was statistically significant 
(p<0.001). In the postoperative period day 1 the mean epinephrine concentration in 
hysterectomy group reduced to 0.685±0.053nmol/litre (p<0.001), and it became 
0.209±0.009nmol/litre on 4th postoperative day (p= 0.014), proved statistically 
significant (p<0.05) (Table 4-35 and Table 4-36). 
Table 4-35: s-Epinephrine Levels following Open Abdominal Hysterectomy 
Sampling time 
Epinephrine (OH) 
1. Preoperative. 
2.1/2 hr after incision 
3. End of operation. 
4.1** postop day 
5. 4* postop day 
Mean epinephrine 
(nmol/litre) 
0.259 
0.525 
0.910 
0.685 
0.209 
No. of 
patients 
21 
21 
21 
21 
21 
S.D. 
0.090 
0.209 
0.223 
0.244 
0.042 
S.E.M. 
0.020 
0.046 
0.049 
0.053 
0.009 
Table 4-36: Statistical Significance of s-Epinephrine Changes in OH Group 
Epinephrine 
(nmol/L) Pairing 
l.preop.- Vi hr after 
incision 
2. preop.-end of surgery 
3. preop.-l** postop. 
4. preop.- 4* postop. 
Diff. 
of 
Means 
-0.267 
-0.652 
-0.426 
0.050 
Diff. 
of 
S.E.M. 
0.039 
0.046 
0.054 
0.018 
95% CID 
Lower 
-0.313 
-0.682 
-0.150 
-0.001 
Upper 
-0.185 
-0.555 
-0314 
0.088 
t 
value 
-6.793 
-14.11 
-7.931 
2.706 
P-
value 
<0.001 
<0.001 
<0.001 
0.014 
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433.4. Comparison of s-Epinephrine Changes between LC & OC Groups 
Independent sample t-test for comparison of equality of means between two groups 
was found comparable at half an hour after incision and at the end of surgery, 
indicated equal stress occurred to both group during intraoperative period ( p>0.05) 
(Table 4-37). 
However, siu-gical trauma was significantly different (p<0.001) following operation in 
the postoperative period dayl, as the stress response was continued in the 
conventional group but returned towards normal in laparoscopic group on 1 
postoperative day (Table 4-37). 
In OC groups the raised epinephrine concentration returned to preoperative value on 
postoperative day 4* (Table 4-37). 
Table 4-37: Intergroup Differences in s-Epinephrine between LC & OC 
Epinephrine 
Sampling Time (LC 
vs. OC) 
1. Preoperative 
2 .1^ hr after incision 
3. End of operation. 
4.1*' postop.day 
5.4* postop day 
t-
value 
-2.249 
0.008 
-0.697 
5.343 
-1.759 
df 
40 
40 
40 
40 
40 
P-
value 
0.030 
0.993 
0.490 
<0.001 
0.086 
Mean 
Differenc 
e 
LC-OC 
-0.068 
0.000 
-0.043 
0.238 
-0.029 
S.E.D. 
.030 
.057 
.061 
.044 
.016 
95%CID 
Lower 
-0.128 
-0.114 
-0.167 
0.148 
-0.062 
Upper 
-0.007 
0.115 
0.081 
0.327 
0.004 
433.5. Comparison of s-Epinephrine Changes between LC & OH Groups 
On comparison of serum epinephrine concentration by independent sample t-test in 
term of equality of means between two groups, the preoperative level was comparable 
between two groups (p= 0.337). At half an hour after incision and at the end of 
surgery the mean values were again comparable between LC and OH groups (p=0.865 
and 0.317 respectively), indicated tihat equal stress occurred to both group during 
surgery (p>0.05) (Table 4-38). 
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However, surgical trauma was significantly different (p<0.00l) following operation in 
the postoperative period dayl, as the stress response was continued in the 
hysterectomy group but returned towards normal in laparoscopic group.(Tables 4-38). 
In OH group the raised serum concentration of epinephrine returned to preoperative 
value on 4th postoperative day (p=0.06) (Table 4-38). 
Table 4-38: Intei^roup Differences in s-Epinephrine between LC & OH 
Epinephrine 
Sampling Time 
(LC-OH) 
1. Preoperative 
2. ^A hr after incision 
3. End of surgery 
4.1st postop day 
S.4th postop.day 
T 
-0.971 
-0.171 
1.012 
5.126 
-1.932 
df 
40 
40 
40 
40 
40 
P-
value 
0.337 
0.865 
0.317 
<0.001 
0.060 
Mean 
DifTerenc 
e 
(LC-OH) 
-0.031 
-0.010 
0.072 
0.314 
-0.031 
S.E.D. 
0.032 
0.061 
0.071 
0.061 
0.016 
95% CID 
Lower 
-0.095 
-0.135 
-0.072 
0.190 
-0.063 
Uppe 
r 
0.033 
0.114 
0.217 
0.438 
0.001 
433.6. Comparison of s-Epinephrine Changes between OC & OH Groups 
The comparison of serum epinephrine concentration between two groups was found 
comparable before operation, at half an hour after start of surgery and at the end of 
surgery (p= 0.162, 0.856 and 0.054 respectively) (Table 4-39). In the postoperative 
period the stress responses were again not differ significantly from each other in 
postoperative day 1 and day 2 respectively (p=0.225 and 0.886) (Table 4-39). Thus 
stress response follows the similar pattern of intraoperative rise with peak at the end 
of surgery and postoperative decline in both conventional type of surgery (Table 4-
39). 
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Table 4-39: Statistical Significance of s 
Epinephrine 
Sampling Time 
(OC-OH) 
Preoperatve 
Half hr after incision 
End of surgery 
1*' postop.day 
4* postop.day 
t-
value 
1.424 
-.183 
1.982 
1.232 
-.144 
df 
40 
40 
40 
40 
40 
-Epinephrine between OH & OC 
P-
Value 
0.162 
0.856 
0.054 
0.225 
0.886 
Mean 
Difference 
(OC-OH) 
0.037 
-0.011 
0.115 
0.077 
-0.002 
S.E.D. 
0.026 
0.060 
0.058 
0.062 
0.014 
95%CID 
Lower 
-0.015 
-0.132 
-0.002 
-0.049 
-0.029 
Upper 
0.089 
0.110 
0.233 
0.202 
0.025 
433.7. Comparison of s- Epinephrine Changes among LC, OC & OH Groups 
On application of AND VA for multiple comparisons among groups the preoperative 
basal epinephrine concentration did not differ significantly among groups. Following 
surgery epinephrine levels markedly increased in all the three groups. However, the 
differences among groups on application of Bonferroni test were not statistically 
significant from each other during intraoperative period, including half an hour after 
incision and end of surgery (p>0.05). 
The continuously accelerated serum epinephrine responses were observed in 
postoperative period in both the conventional groups including open cholecystectomy 
and open hysterectomy. However, these perioperative epinephrine responses were 
continued after 1^  postoperative day in conventional group though returned towards 
preoperative levels in laparoscopic group (Table 4-40 and Table 4-41). On 4* 
postoperative day epinephrine responses wer« comparable between both the 
conventional groups (p>0.05) but differ significantly between LC and OC groups, 
which was explored after application of ANOVA and fiuther confirmed by 
Bonferroni test (Table 4-41). Comparisons of perioperative epinephrine responses 
among groups werp depicted graphically in figure 4-3. 
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Table 4-40: Comparison of s-Epinephrine among 3 Groups by ANOVA 
Epinephrine 
Sampling time 
Preoperative. 
y4 hr after incision 
End of surgery 
1** postop. Day 
4"" postop. Day 
Sum of Squares 
0.019 
0.015 
0.162 
1.077 
0.201 
df 
2 
2 
2 
2 
2 
Mean 
Square 
.010 
.007 
.081 
.538 
.010 
F 
1.181 
0.225 
2.549 
16.249 
3.478 
ANOVA 
Sig. 
0.314 
0.799 
0.087 
<0.001 
0.037 
Table 4-41: Comparison of! 
Epinephrine 
Sampling time 
Preoperative. 
Half hr. after 
mcision 
End of surgery 
1*' postoperative day 
4*postoperative day 
(I) 
group 
OC 
LC 
OC 
OC 
LC 
OC 
OC 
LC 
OC 
OC 
LC 
OC 
OC 
LC 
OC 
s-Epin« 
(J) 
group 
LC 
OH 
OH 
LC 
OH 
OH 
LC 
OH 
OH 
LC 
OH 
OH 
LC 
OH 
OH 
sphrine among 
Mean Difif. 
(I-J) 
-0.068 
-0.037 
0.031 
0.000 
0.011 
0.010 
-0.043 
-0.115 
-0.072 
0.238* 
-0.077 
-0.314* 
-0.029 
0.002 
0.031 
; 3 Groups by Bonferroni test 
Std. 
Error 
0.029 
0.029 
0.029 
0.059 
0.059 
0.059 
0.064 
0.064 
0.064 
0.056 
0.056 
0.056 
0.017 
0.0167 
0.0167 
P-
value 
0.074 
0.649 
0.887 
1.000 
1.000 
1.000 
1.000 
0.230 
0.787 
0.000 
0.000 
0.532 
0.044 
0.167 
1.000 
95% CID 
Lower 
-0.140 
-0.110 
-0.041 
-0.146 
-0.135 
-0.136 
-0.200 
-0.273 
-0.230 
0.0926 
-0.4460 
-0.2150 
-0.0669 
-0.0360 
-0.0070 
Upper 
0.005 
0.036 
0.103 
0.147 
0.157 
0.157 
0.115 
0.042 
0.085 
0.3699 
0.1690 
-0.0617 
0.009 
0.040 
0.069 
130 
RESULTS 
Changes in epinephrine level in LC, OC & OH 
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Figure 4-3: Comparison of s-Epinephrine Changes among LC, OC & OH (Hys) Groups 
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4.3.4. SERUM NOREPINEPHRINE RESPONSE 
43.4.1. Serum Norepinephrine Changes during Laparoscopic Cholecystectomy 
The preoperative norepinephrine concentration (mean± SEM) was 2.228± 0.181 
nmol/litre, which increased to 3.60± 0.23nmol/litre and 4.813± 0.224nmoiyiitre at 
half-an hr after start of surgery and at the end of laparoscopic cholecystectomy. 
On 1** postoperative day the serum norepinephrine concentration (2.725±0.27 
nmol/litre) decreased significantly (p=0.029). In the 4* postoperative day, the serum 
norepinephrine concenteation recorded was l.90± 0.15nmol/litre (p=0.001), which 
was again significantly different fi-om the preoperative value (Table 4-42 and Table 4-
43). 
Table 4-42: Serum Norepinephrine Changes in the LC group 
Sampling Time 
Preoperative. 
1/2 hr. after incision 
End of surgery 
1** postop.day 
4*postop.day 
Mean 
Norepinephrine 
(nmol/litre) 
(LC Group) 
2.228 
3.600 
4.813 
2.725 
1.900 
No. of 
patients 
(n) 
21 
21 
21 
21 
21 
Standard 
Deviation 
(SD) 
0.828 
1.051 
1.027 
1.237 
0.703 
Standard Error 
of Mean (SEM) 
0.181 
0.230 
0.224 
0.270 
0.153 
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Table 4-43: Statistical significance of s-Norepinephrine Changes in LC Group 
Norepinephrine (NE) 
Self Pairing 
(LC Group) 
Preop- >4 hr after incision 
Preop-end of surgery 
Preop -1** postop Day 
Preop- 4* postop Day 
MeanNE 
difference 
(nmoI/L) 
-1.372 
-2.586 
-0.497 
0.328 
S.D. of 
Mean 
Difference 
0.701 
0.656 
0.967 
0.401 
95% CID 
Lower 
-1.69 
-2.88 
-0.937 
0.145 
Upper 
-1.053 
-2.287 
-0.057 
0.510 
t-
value 
-8.967 
-18.06 
-2.360 
3.748 
df 
20 
20 
20 
20 
P-
value 
<0.001 
<0.001 
0.029 
<0.001 
Therefore, in term of norepinephrine additional surgical strain was present during pre-
operative and intra-operative period which reverted towards normal in the 
postoperative period (Table 4-42 and 4-43). 
43.4.2. Serum Norepinephrine Changes during Open Cholecystectomy 
In open cholecystectomy preoperative (mean± SEM) NE concentration (2.0276± 
0.1368 nmol/litre) increased to 3.1148± 0.1686 nmol/litre and 4.219±0.2205 
nmol/litre at half-an-after start of surgery and at the end of OC (p<0.001). On 1** 
postoperative day the serum norepinephrine concentration decreased to 3.94± 0.218 
nmol/litre (p<0.001)) (Table 4-44 and 4-45). 
However, in the postoperative day4* the serum norepinephrine concentration 
recorded was 1.77± 0.132nmol/litre (p=0.131), which was not significantly different 
from the preoperative value. 
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Table 4-44: Serum Norepinephrine Changes in the OC group 
Sampling Time 
Preoperative. 
/4 hr after incision 
End of surgery 
1st postop day 
4th postop day 
Mean 
s-Norepinephrine 
(nmoI/L) 
(OC Group) 
2.028 
3.115 
4.220 
3.943 
1.772 
N 
21 
21 
21 
21 
21 
S.D. 
0.627 
0.773 
1.011 
1.001 
0.607 
S.E.M. 
0.137 
0.169 
0.220 
0.218 
0.132 
Table 4-45: Statistical significance of s-
Norepinephrine (NE) 
Self Pairing 
(OC Group) 
Preop- Vz hr after incision 
Preop-end of sui^ery 
Preop -1** postop Day 
Preop-4* postop Day 
Difference 
of Mean 
NE 
(nmol/L) 
-1.087 
-2.191 
-1.916 
0.256 
Norepinephrine Changes 
S.D. of 
Mean 
Difference 
0.857 
0.937 
1.092 
0.745 
95% CID 
Lower 
-1.477 
-2.618 
-2.413 
-0.083 
Upper 
-0.697 
-1.765 
-1.418 
0.5947 
in OC Group 
t-
value 
-5.816 
-10.72 
-8.037 
1.574 
df 
20 
20 
20 
20 
P-
value 
<0.001 
<0.001 
<0.001 
0.131 
4.3.43. Serum Norepinephrine Levels during Open Abdominal Hysterectomy 
The preoperative (mean± SEM) serum norepinephrine (2.325± .145nmol/L) value 
increased (3.483± 0.198nmol/L and 4.3705± 0.176 nmol/L) at half-hour after incision 
and at the end of surgery respectively which was statistically significant (p<0.001) 
(Table 4-46 and Table 4-47). 
In the postoperative period the values recorded were 4.046±0.212 nmol/litre and 
2.157± 0.148 nmol /litre at 1** and 4* postoperative day. 
The baseline preoperative serum norepinephrine concentration increased statistically 
significantly following surgical stress. However, in the subsequent postoperative 
period, the raised norepinephrine concentrations decreased towards preoperative value 
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and became similar to baseline value at 4* postoperative day (p= 0.077) (Table 4-46 
and 4-47). 
Table 4-46: Serum Norepinephrine Changes in the OH Group 
Norepinephrine (NE) 
Sampling time (OH Group) 
Preoperative 
Half hr after incision 
End of sui^ery 
1** postop. 
4* postop. 
Mean NE 
(nmol/litre) 
2.325 
3.483 
4.370 
4.046 
2.157 
No. of 
patients 
21 
21 
21 
21 
21 
S.D. 
0.665 
0.909 
0.808 
0.973 
0.679 
S.E.M. 
0.145 
0.198 
0.176 
0.212 
0.148 
Table 4-47: Statistical significance of s-Norepinephrine changes in OH Group 
Norepinephrine (NE) 
Self Pairing 
(OH Group) 
Preop -V% hr after 
incision 
Preop -end of surgery 
Preop -1** postop day 
Preop -4* postop day 
Difference 
of Mean 
(nmol/L) 
-1.158 
-2.045 
-1.721 
0.1681 
S.D. of 
Mean 
Difference 
0.534 
0.518 
0.704 
0.413 
95%CID 
Lower 
-1.401 
-2.281 
-2.041 
-0.020 
Upper 
-0.914 
-1.809 
-1.401 
0.356 
t-
value 
-9.93 
-18.10 
-11.21 
1.86 
df 
20 
20 
20 
20 
p-value 
<0.001 
<0.001 
<0.001 
0.077 
4.3.4.4. Comparison of s-Norepinephrine Changes between LC & OC Groups 
Norepinephrine levels between two groups was comparable (p=0.383) at preoperative 
phase. At half an after incision and at the end of surgery equal stress response was 
noted between groups (p=0 .096 and 0.066 respectively), (p>0.05) (Table 4-48). 
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Table 4-48: latei^roup Difference in s-Norepinephrine between LC & OC 
Norepinephrine 
Sampling Time 
(LC-OC) 
Preoperative 
Half hr after incision 
End of snidery 
l**postop day 
4* postop day 
t-value 
0.882 
1.705 
1.889 
-3.510 
0.632 
df 
40 
40 
40 
40 
40 
P-
value 
0.383 
0.096 
0.066 
0.001 
0.531 
Mean of 
Difference 
0.200 
0.485 
0.594 
-1.219 
0.128 
Standard 
Error of 
Difference 
0.227 
0.285 
0.314 
0.347 
0.203 
95% CID 
Lower 
-0.258 
-0.090 
-0.042 
-1.920 
-0.282 
Upper 
0.658 
1.060 
1.230 
-0.517 
0.538 
However, in the postoperative period dayl, surgical trauma was significantly different 
(p<0.001), the stress response was subdued but continued in the conventional group, it 
returned towards normal in laparoscopic group. The operation done by open method 
the raised norepinephrine concentration returned to preoperative value (p=0.531) on 
4 th 4 postoperative day (Table 4-48). 
4.3.4.5. Comparison of s-Norepinephrine levels between LC & OH Groups 
On comparison for changes in serum norepinephrine concentration following two 
different surgery the means value was found comparable before operation (p= 0.676). 
Again at half hour after incision at the end of surgery, equal stress observed between 
two groups (p=0.701 and 0.128 respectively) (p>0.05). However, surgical trauma was 
significantly different (p<0.001) following operation in the postoperative period day 
1, as the stress response was continued in the hysterectomy group but returned 
towards baseline in laparoscopic group. 
In hysterectomy group raised norepinephrine concentration returned to preoperative 
level on 4* postoperative day (p=0.235) (Table 4-49). 
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Table 4-49: Intergroup differences in s-Norepinephrine between LC & OH 
Norepinephrine 
Pairing 
(LC-OH) 
Preoperative 
Vi hr after incision 
End of snidery 
1st postop day 
4th postop day 
t 
-0.421 
0.386 
1.553 
-3.848 
-1.206 
df 
40 
40 
40 
40 
40 
Sig. 
(2-
tailed) 
0.676 
0.701 
0.128 
<0.001 
0.235 
Mean 
Difference 
-0.098 
0.117 
0.443 
-1.321 
-0.257 
Standard 
Error 
Difference 
0.232 
0.303 
0.285 
0.343 
0.213 
95 % CID 
Lower 
-0.566 
-0.496 
-0.134 
-2.016 
-0.688 
Upper 
0.371 
0.730 
1.019 
-0.627 
0.174 
43.4.6. Comparison of s-Norepinephrine Levels between OC & OH Groups 
Following comparison of biliary and non biliary surgery by conventional method the 
changes in serum norepinephrine concentration between two groups was comparable 
(p=0.383) before operation. The changes in norepinephrine concentration were also 
comparable (p= 0.096 and 0.066 respectively), at Vz hr after incision and at the end of 
surgery (Table 4-50). In the postoperative period the stress response followed the 
different pattern between two groups group (p<0.05). In the postoperative day 1 and 
day 4 significant differences in norepinephrine level between OC and OH was evident 
(Table 4-50). 
Table 4-50: Intei^roup differences in s-Norepinephrine between OC & OH 
Norepinephrine 
Pairing 
(OH-OC) 
Preoperative 
Half hr. after incision 
End of surgery 
1st postoperative day 
4th postoperative day 
t 
0.882 
1.705 
1.889 
-3.51 
2.584 
df 
40 
40 
40 
40 
40 
P-
value 
0.383 
0.096 
0.066 
0.001 
0.014 
Mean 
Difference 
0.20 
0.485 
0.594 
-1.219 
0.595 
Standard 
Error of 
Difference 
0.227 
0.285 
0.314 
0.355 
0.230 
95 % CID 
Lower 
-0.258 
-0.090 
-0.042 
-1.92 
0.130 
Upper 
0.66 
1.06 
1.23 
-0.517 
1.06 
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43.4.7. Comparison of s-Norepinephrine Levels among LC, OC & OH Groups 
On assessment of perioperative surgical stress involved to the patients in tenn of 
changes in norepinephrine concentration the preoperative values were comparable 
among groups (0.391). Intergroup differences were not statistically significant 
(p>0.05) from each otiier during intra-operative period (p=0.211 and 0,120, at half 
hour after incision and end of surgery respectively) (Table 4-51). However, at the first 
postoperative day significant differences were noted among groups (p < 0.001) (Table 
4-51 and 4-52).The values were significant between LC and OC group and LC and 
OH group (Table 4-51 and 4-52). However, at 4* postop day values became similar 
among groups. Graphic representation of perioperative changes in norepinephrine 
concentration in the three groups were shown in figure 4-4. 
Table 4-51: Comparison of s-Norepinephrine 
Norepinephrine 
Sampling time 
Preoperative 
Wi hr after incision 
End of surgery 
1*' postop day 
4* postop day 
Sum of 
Squares 
0.967 
2.693 
4.001 
22.692 
1.617 
df 
2 
2 
2 
2 
2 
among 3 Groups by ANOVA 
Mean 
Square 
0.483 
1.346 
2.000 
11.346 
0.808 
F 
0.953 
1.598 
2.198 
9.786 
1.832 
ANOVA 
Sig. 
0.391 
0.211 
0.120 
<0.001 
0.169 
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Table 4-52: Intergroup Comparisons of s-Norepinephrine 
Norepinephrine 
Sample Time 
Preoperative 
Half-an-hr 
after incision 
End of surgery 
1** postop day 
4* postop day 
a) 
groups 
LC 
LC 
OC 
LC 
LC 
OC 
LC 
LC 
OC 
LC 
LC 
OC 
LC 
LC 
OC 
(J) 
groups 
OC 
OH 
OH 
OC 
OH 
OH 
OC 
OH 
OH 
OC 
OH 
OH 
OC 
OH 
OH 
Mean 
Difference 
(I-J) 
-0.098 
0.200 
0.298 
0.117 
0.485 
0.368 
0.443 
0.594 
0.151 
-1.321* 
-1.219* 
0.1029 
-0.257 
0.128 
0.385 
Std. 
Error 
0.2198 
0.2198 
0.21982 
0.28325 
0.28325 
0.28325 
0.294 
0.294 
0.294 
0.332 
0.332 
0.33229 
0.205 
0.205 
0.205 
by Bonferroni test 
P-
value 
1.00 
1.00 
0.543 
1.000 
0.276 
0.596 
0.413 
0.144 
1.000 
0.001 
0.002 
1.000 
0.643 
1.000 
0.195 
95% CID 
Lower 
-0.639 
-0.341 
-0.244 
-0.581 
-0.212 
-0.330 
-0.282 
-0.131 
-0.574 
-2.140 
-2.0370 
-0.716 
-0.762 
-0.377 
-0.120 
Upper 
0.444 
0.741 
0.839 
0.8148 
1.1829 
1.0657 
1.168 
1.319 
0.876 
-0.503 
-0.400 
0.921 
0.248 
0.633 
0.890 
*. The mean difference is significant at the 0.05 level. 
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4.3.5. SERUM C-REACTIVE PROTEIN RESPONSE 
43.5.1. Serum CRP Response following Laparoscopic Cholecystectomy 
Preoperative C-reactive proteins value did not increased significantly after half an 
after start of surgery (p=0.081).At the end of anaesthesia and surgery the level 
increased considerably (p<0.05). On biochemical analysis of postoperative samples 
on day one and day fourth the CRP level was found to be raised significantly as 
compared to preoperative value (p<0.001) (Table 4-53 and 4-54). 
Table 4-53: Serum CRP Changes following Laparoscopic Cholecystectomy 
C-reactive protein 
Sampling time 
Preoperative 
V^ hr after incision 
End of surgery 
1st postop day 
4th postop day 
Mean CRP 
(Mg/ml) 
LC Group 
11.219 
15.359 
17.010 
38.839 
40.722 
N 
21 
21 
21 
21 
21 
S.D. 
11.345 
13.273 
11.660 
14.586 
7.832 
S.E.M. 
2.476 
2.896 
2.544 
3.183 
1.709 
Table 4-54: Statistical significance of CRP Changes in the LC group 
C-reactive protein 
Self Pairing 
Preop- Vi hr after 
incision 
Preop- end of sui^ery 
Preop- 1*' postop day 
Preop- 4* postop day 
Difference 
of Mean 
-4.140 
-5.791 
-27.620 
-29.503 
S.D. 
of 
Difference 
10.324 
8.0335 
14.631 
11.473 
95% CID 
Lower 
-8.840 
-9.448 
-34.280 
-34.726 
Upper 
.559 
-2.134 
-20.960 
-24.281 
t-
value 
-1.838 
-3.303 
-8.651 
-11.784 
df 
20 
20 
20 
20 
P-
value) 
0.081 
0.004 
<0.001 
<0.001 
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4.3.5.2. Serum CRP Response following Open Cholecystectomy 
Perioperative changes in mean value of C-reactive protein were shown in table 4-55. 
On comparison with baseline preoperative value with values obtained after half an 
hour of start of operation and at the end of surgery and anaesthesia the CRP 
concentration raised significantly (p<0.001 and 0.002). The postoperative samples on 
day one and fourth the CRP level was found to be significantly raised as compared to 
preoperative value (p<0.001) (Table 4- 56). 
Table 4-55: Serum CRP Changes following Open Cholecystectomy 
CRP 
Sample Time 
Preoperative 
Vi hr. after incision 
End of surgery 
1st postop day 
4th postop day 
MeanCRP 
(Hg/ml) 
OC Group 
7.928 
9.666 
18.172 
44.375 
42.230 
N 
21 
21 
21 
21 
21 
S.D. 
5.446 
5.030 
11.558 
4.891 
6.456 
S.E.M. 
1.188 
1.098 
2.522 
1.067 
1.409 
Table 4-56: Statistical significance of 
CRP 
Self Pairing 
(OC Group) 
Preop- V% hr after incision 
Preop -end of surgery 
Preop—1** postop day 
Preop-4* postop day 
Difference 
of Mean 
-1.738 
-10.244 
-36.447 
-34.302 
s-CRP Changes in 
S.D. of 
Difference 
1.863 
13.395 
7.900 
7.823 
the OC group 
95% CID 
Lower 
-2.586 
-16.34 
-40.04 
-37.86 
Upper 
-.890 
-4.147 
-32.85 
-30.74 
t 
-4.274 
-3.505 
-21.14 
-20.09 
df 
20 
20 
20 
20 
P-
value 
<0.001 
<0.002 
<0.001 
<0.001 
4.3.5.3. Serum CRP Response following Open Abdominal Hysterectomy 
In hysterectomy group, on comparison with pre-operative value with values obtained 
half hour after incision was found increased markedly (p<0.001) (Table 4-57). At the 
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end of surgery, T' postoperative and 4* postoperative day respectively, the value of 
C-reactive protein increased significantly (p<0.001) (Table 4-58). 
Table 4-57: Serum CRP Changes following Open Abdominal Hysterectomy 
CRP 
Sample Time 
Preoperative 
Vz an hr. after incision 
End of operation. 
1st postop day 
4th postop day 
Mean CRP 
(Hg/ml) 
OH Group 
9.227 
12.096 
21.008 
51.956 
45.606 
N 
21 
21 
21 
21 
21 
S.D. 
6.468 
6.795 
8.548 
10.931 
6.966 
S.E.M. 
1.412 
1.483 
1.865 
2.385 
1.520 
Table 4-58: Statistical significance of s-CRP Changes in the OH group 
CRP 
Self Pairing 
OH Group 
Preop-i4 hr after 
incision 
Preop-end of 
sui^ery 
Preop -1*' postop 
day 
Preop- 4* postop 
day 
DifTerence 
of 
Mean 
-2.869 
-11.78 
-42.73 
-36.38 
^Si. of 
Difference 
3.118 
9.184 
10.370 
9.910 
S.E.D. 
0.680 
2.004 
2.263 
2.163 
95% CH) 
Lower 
-4.29 
1 
-15.96 
-47.45 
-40.89 
Upper 
-1.450 
-7.601 
-38.01 
-31.87 
t-
value 
-4.216 
-5.879 
-18.88 
-16.82 
df 
20 
20 
20 
20 
P-
value' 
<0.001 
<0.001 
<0.001 
<0.001 
4.3.5.4. Comparison of s-CRP Changes between LC & OC Groups 
On application of Levene's test for equality of variances the significant differences in 
CRP concentration was found between two groups following half an hour start of 
surgery and on first postoperative day, however intergroup differences were not 
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significantly different (p>0.05) from each other during perioperative period at various 
time points (Table 4-59). 
Table 4-59: Intergroup Differences in s-CRP Levels between LC and OC 
CRP 
Time points 
(LC-OC) 
Preoperative 
(LC-OC) 
Vx hr.after incision 
(LC-OC) 
Endofsui^ery 
(LC-OC). 
1** postop day 
(LC-OC) 
4* postop day 
(LC-OC) 
t 
1.198 
1.838 
-0.324 
-1.649 
-0.680 
df 
40 
40 
40 
40 
40 
P-
value 
0.238 
0.073 
0.747 
0.107 
0.500 
Differe 
nee 
of 
Mean 
3.291 
5.693 
-1.162 
-5.536 
-1.507 
S.E.D. 
2.746 
3.097 
3.583 
3.357 
2.215 
95%CID 
Lower 
-2.259 
-.566 
-8.403 
-12.32 
-5.984 
Upper 
8.841 
11.953 
6.078 
1.249 
2.969 
43.5.5. Comparison of s-CRP Changes between LC &. OH Groups 
On application of Levene's test for equality of variances between two groups, the 
insignificant difference in CRP values were found during intra-operative period 
However intergroup differences were statistically different (p>0.05) in the 
postoperative period. On day one and day fourth the significant differences were 
noted between two groups (p=0.002 and 0.039 respectively) (P<0.05) (Table 4-60). 
Hence, in term of CRP the immune responses were more pronounced in hysterectomy 
operation as compared to laparoscopic cholecystectomy and enhanced CRP level in 
Laparoscopic group was significantly different from the CRP value in hysterectomy 
group at postoperative day one and day fourth (Table 4-60). Therefore immunological 
responses in the postoperative period were continued in OH group while subsided in 
laparoscopic group. 
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Table 4-60: Intergroup differences in Serum CRP Levels between LC & OH 
CRP 
Sampling Time 
(LC-OH) 
Preoperative 
Vz an hr.after incision 
End of operation. 
1st postop day 
4th postop day 
t-value 
.699 
1.003 
-1.267 
-3.298 
-2.135 
df 
40 
40 
40 
40 
40 
p-value 
0.489 
0.322 
0.212 
0.002 
0.039 
Difference 
of Mean 
1.992 
3.263 
-3.998 
-13.12 
-4.88 
95% cm 
Lower 
-3.77 
-3.313 
-10.38 
-21.16 
-9.51 
Upper 
7.75 
9.84 
2.38 
-5.08 
-0.26 
4.3.5.6. Comparison of s-CRP Changes between OC & OH Groups 
Comparison of s-CRP Changes between open cholecystectomy and Open 
Hysterectomy groups at various study intervals were shown in table 61. Equality of 
variances between two groups was tested by Levene's test, which shows insignificant 
differences at half an hour after start of surgery and at the end of surgery (p>0.05) 
(Table 4-61). 
Table 4-61: Intergroup Differences in s-CRP Levels between OC & OH 
CRP 
Sampling Time 
OC vs. OH 
Preoperative 
Vx an hr. after incision 
End of operation 
1st postop day 
4th postop day 
t-
value 
-0.704 
-1.317 
-0.904 
-2.901 
-1.629 
df 
40 
40 
40 
40 
40 
P-
value 
0.486 
0.195 
0.371 
0.006 
0.111 
Difference 
of Mean 
-1.299 
-2.430 
-2.836 
-7.581 
-3.376 
S.E.D. 
1.845 
1.845 
3.137 
2.613 
2.073 
95% CH) 
Lower 
-5.028 
-6.159 
-9.176 
-12.863 
-7.565 
Upper 
2.430 
1.298 
3.504 
-2.300 
.813 
On first postoperative day significant differences in mean values was noted (p<0.05) 
between OC and OH group (Table 4-61). Unlike wise at 4* postoperative day the 
intergroup differences were insignificant (p>0.05) between two groups (Table 4-61). 
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4.3.5.7. Comparison of s-CRP Levels among among LC, OC & OH groups 
On application of ANOVA for multiple comparison among groups, we observed 
insignificant differences in CRP level during intra-operative period (p=0.426, 0.134, 
0.464 at preoperative, half an hour and end of surgery respectively). However, in the 
postoperative period at day one significant differences (p<0.001) in CRP 
concentration was found among groups (Table 4-62). Further analysis by two sided 
multiple comparisons was done with the help of Bonferroni test. 
At first postoperative day the significant differences (p<0.05) between laparoscopic 
cholecystectomy and hysterectomy were noted, simultaneously insignificant 
differences between open cholecystectomy and hysterectomy groups (p>0.05) was 
observed (Table 4-62 and Table 4-63). The level of CRP was reduced significantly at 
4th postoperative day in laparoscopic group. The degree of alteration of CRP value 
noted was >6 folds after open surgery and > 3 folds following laparoscopic surgery 
(Table 4-62 and Table 4-63). 
Graphic representation of perioperative changes in CRP levels among LC, OC and 
OH were depicted in figure 4-5. 
Table 4-62: Comparison of s-CRP Changes in 3 Groups by AlVOVA 
CRP 
Sampling Time 
LC, OC and OH 
Preoperative 
Half an hr. after incision 
End of operation 
1*' postopday 
4* postop day 
Sum of 
Squares 
115.411 
342.793 
177.681 
1821.235 
262.627 
df 
2 
2 
2 
2 
2 
Mean 
Square 
57.706 
171.396 
88.841 
910.617 
131.314 
F 
0.865 
2.076 
.778 
7.670 
2.599 
Sig. 
P-
value 
0.426 
0.134 
0.464 
0.001 
0.083 
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Table 4-63: Comparison of s-CRP Changes in 3 Groups by Bonferroni i 
CRP 
Sampling Time 
LC, OC & OH 
Preoperative 
Vz hr after 
incision 
End of surgery 
1** postop day 
4* postop day 
(I)~(J) 
groups 
LC - OC 
LC -- OH 
OH - OC 
LC -- OC 
LC -- OH 
OC - OH 
LC - OC 
LC -- OH 
OC -- OH 
LC -- OC 
LC - OH 
OC - OH 
LC-OC 
LC-OH 
OH - OC 
Mean 
Difference 
(I-J) 
3.291 
L992 
L299 
5.693 
3.263 
2.430 
-L162 
-3.999 
2.836 
-5.536 
-13.117* 
7.581 
-1.507 
-4.883 
3.376 
Std. 
Error 
2.521 
2.521 
2.521 
2.804 
2.804 
2.804 
3.298 
3.298 
3.298 
3.363 
3.363 
3.363 
2.193 
2.193 
2.193 
P-
vaiue 
0.590 
1.000 
1.000 
0.140 
0.747 
1.000 
1.000 
0.690 
1.000 
0.315 
0.001 
0.083 
1.000 
0.089 
0.387 
95% CI. 
Lower 
Bound 
-2.918 
-4.217 
-4.910 
-1.212 
-3.643 
-4.475 
-9.285 
-12.121 
-5.286 
-13.818 
-21.399 
-0.701 
-6.9096 
-10.2858 
-2.0261 
test 
Upper 
Bound 
9.501 
8.2016 
7.509 
12.510 
10.169 
9.336 
6.960 
4.124 
10.959 
2.746 
-4.835 
15.863 
3.895 
0.5190 
8.7786 
The mean difference is significant at the 0.05 level 
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Figure 4-5: Comparison of s-CRP Changes among LC, OC & OH (Hys) Groups 
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4.3.6. SERUM TUMOUR NECROSIS FACTOR -ALPHA RESPONSE 
4.3.6.1. Serum TNF-alpha Changes following Laparoscopic Cholecystectomy 
The preoperative meaa± SEM value of tumor necrosis factor-alpha was 11.39±5.47 
pg/ml. The TNF estimation at half-an-hour after incision and at the end of surgery 
recorded were 10.25± 6.166 (p=876), 11.478±5.437 (p=0.982) pg/ml respectively, 
which were not statistically different from preoperative value, (Table 4-64). 
Table 4-64: Serum TNF-alpha Changes following Lap Cholecystectomy 
TNF-alpha 
Sampling Time 
Preoperative 
Half hr after incision 
End of surgery 
1st postop day 
4th postop day 
Mean TNF-
alpha 
(pg/ml) 
LC Group 
11.388 
10.251 
11.478 
4.957 
22.788 
N 
21 
21 
21 
21 
21 
S.D. 
25.072 
28.255 
24.917 
13.533 
69.001 
S.E.M. 
5.471 
6.166 
5.437 
2.953 
15.057 
Table 4-65: Statistical significance of TNF-alpha changes in the LC Group 
TNF-alpha 
Self Pairing 
LC Group 
tnfl - tnfZ 
tnfl - tnC3 
tnfl - tnf4 
tnfl - tnfS 
tnfl=preop; tnf2=] 
Mean 
Difference 
1.137 
-0.090 
6.431 
-11.310 
12 hr after incis 
S.D. of 
Difference 
30.083 
31.115 
23.175 
66.602 
ion; tnC=en 
95%CID 
Lower 
-12.557 
-14.253 
-4.118 
-41.716 
d of surge 
Upper 
14.831 
14.074 
16.980 
18.917 
ry; tnf4 & 
t-
value 
0.173 
-0.013 
1.272 
-0.784 
5=postop 
P-
valne 
0.864 
0.990 
0.218 
0.442 
day 1& 4 
In the postoperative period, the TNF values recorded were 5.12± 3.05pg/ml (dayl) 
and 23.08±15.36 pg/ml (day4) which were statistically similar (P>0.05) to 
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preoperative value. Hence in the postoperative period the tumor necrosis factor alpha 
expression did not differ to preoperative value (Table 4-64 and Table 4-65). 
4.3.6.2. Serum TNF-alpha Changes following Open Cholecystectomy 
In the OC group the preoperative mean± SEM (2.035±1.24 pg/ml) value of tumour 
necrosis factor-alpha was changed insignificantly (p<0.05) after half-an-hour, end of 
procedure, 1st and 4th postoperative days. The mean TNF- concentration at 4th 
postoperative day was 59.95± 38.02pg/ml. after considering one abnormal reading 
(n=2\). Consequently, the two tailed significance values during perioperative period 
in comparison to preoperative baseline value did not differ significantly {p= .201, 
.363, .057 and .132) from each other (Table 4-66 and 4-67). 
However, after exclusion of an abnormal reading (n=20 only) mean value at 4th 
postoperative became 22.64 pg/ml (Table 4-68). Furthermore, p value became 
significant (p<0.05) at half hour after start of operation and at 4th postoperative day 
with p-value 0.02 and 0.009 respectively (Table 4-68 and Table 4-69). 
Comparative graph of tumor necrosis alpha readings in open cholecystectomy group 
(including one abnormal) n==21 and (excluding one abnormal n=20, were shown in 
figure 4-6. 
Table 4-66: TNF changes in the OC Group including one abnormal reading 
TNF-alpha 
Sampling Time 
Preoperative 
Vz hr after incision 
End of surgery 
1st postop day 
4th postop day 
Mean TNF-
alpha 
(pg/ml) 
OC Group 
2.035 
0.279 
0.648 
17.894 
59.954 
N 
21 
21 
21 
21 
21 
S.D. 
4.799 
0.8406 
1.647 
38.910 
174.234 
S.E.M. 
1.047 
0.183 
0.359 
8.491 
38.021 
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Table 4-67: Statistical significance of TNF changes in the OC Groupf 
TNF-alpha 
Self Pairing 
OC Group 
tnfl- tnfZ 
tnfl- tnO 
tnfl- trif4 -
tnfl- tnfS 
tnfl=preop; tnf 
N 
21 
21 
21 
21 
Difference 
of Mean 
1.756 
1.381 
-15.859 
-57.919 
S.D. of 
Difference 
4.734 
4.713 
35.748 
169.627 
95% CD) 
Lower 
-.398 
-.764 
-32.132 
-135.133 
2=1/2 hr after incision; tnO=end of surgery 
Upper 
3.911 
3.526 
.413 
19.294 
; tnf4 & '. 
t-
value 
1.70 
1.34 
-2.03 
-1.57 
5=posto 
df 
20 
20 
20 
20 
pd£ 
P-
value 
0.105 
0.194 
0.056 
0.133 
iyl& 
4; Including one abnormal readind on the 4 post-op day 
Table 4-68: TNF changes in the OC2 group excluding one abnormal readingf 
TNF-alpha 
Sampling Time 
OC2 Group 
Preoperative 
1/2 hr after incision 
End of sui^ery 
1** post op day 
4* postop day 
N 
20 
20 
20 
20 
20 
Mean TNF 
(pg/ml) 
OC2 Group 
1.057 
0.293 
0.687 
11.839 
22.642 
N 
20 
20 
20 
20 
20 
S.D. 
1.764 
0.860 
1.682 
27.984 
34.355 
S.E.M. 
0.395 
0.192 
0.376 
6.257 
7.682 
151 
RESULTS 
Table 4-69: Statistical significance of TNF changes in the OC2 Group 
TNF-alpha 
Self 
Pairing 
OC2 
Group 
tnfl - tnfZ 
tnfl - tnD 
tnfl - tnf4 
tnfl - tnfS 
N 
20 
20 
20 
20 
Mean 
Difference 
0.765 
0.371 
-10.782 
-21.585 
S.D. of 
Difference 
1.360 
0.901 
27.844 
33.233 
95 % CLD. 
Lower 
0.128 
-0.051 
-23.81 
-37.14 
Upper 
1.40 
0.79 
2.25 
-6.03 
t-
value 
2.515 
1.840 
-1.732 
-2.905 
df 
19 
19 
19 
19 
P-
value 
0.021 
0.081* 
0.100* 
0.009 
tnfl=preop; tnf2=l/2 hr after incision; tnG=encl of surgery; tnf4 & 5=postop day 1& 
4; Excluding one abnormal reading on 4* post-op day; *Not significant 
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Figure 4-6: Comparative TNF-alpha changes between OC and 0C2 Groups 
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4.3.6.3. Serum TNF-alpha Changes following Open Abdominal Hysterectomy 
Following open hysterectomy, preoperative (value of tumor necrosis factor-alpha 
2.09±0.75 pg/ml) changed insignificantly (p>0.05) at half-an-hour after incision and 
end of procedure (Table 4-70 and Table 4-71). However, the two tailed significance 
values during postoperative period at day one and fourth differed significantly 
(p<0.001) (Table 4-70 and Table 4-71). 
Table 4-70: TNF-alpha Changes following Open Abdominal Hysterectomy 
TNF-alpha 
Sampling Time 
Preoperative. 
Vz hr. after incision 
End of operation 
1st postop. day 
4th postop. day 
Mean TNF 
(pg/ml) 
OH Group 
2.0905 
3.7795 
3.1040 
26.4117 
55.0275 
N 
21 
21 
21 
21 
21 
S.D. 
3.457 
7.759 
4.837 
26.842 
35.3424 
S.E.M. 
0.754 
1.693 
1.055 
5.857 
7.712 
Table 4-71: Statistical significance of TNF-alpha changes in the OH Group 
TNF-alpha 
Self Pairing 
OH Group 
tnfl - tnfZ 
tnfl - tn£3 
tnfl - tnf4 
tnn - tnfS 
Mean 
difference 
-1.689 
-1.014 
-24.321 
-52.937 
S.D. of 
Difference 
5.818 
5.0473 
26.789 
34.475 
95% cro 
Lower 
-4.337 
-3.311 
-36.515 
-68.630 
Upper 
.959 
1.284. 
-12.127 
-37.244 
t-
value 
-1.330 
-.920 
-4.160 
-7.037 
df 
20 
20 
20 
20 
P-value 
0.198 
0.368 
<0.001 
<0.001 
tnfl=preop; tn£2=l/2 hr after incision; tnf3=end of surgery; tnf4 & 5=postop day 1& 
4; 
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4.3.6.4. Comparison of TNF-alpha Changes between LC & OC Groups 
On application of independent sample t-test for comparison of equality of means, the 
values were found to be insignificantly different (p>0.05) from each other, at half an 
hour after incision, end of surgery , 1st postop day and 4th postop day respectively 
(p=0.101, 0.118, 0.053, 0.165, and 0.0.374 respectively) after considering one 
abnormal reading in open cholecystectomy group 
Though on fiirther analysis by exclusion of an abnormal reading (n=20), both the 
group were again comparable with each other with p=0.374 at 4th postoperative day 
(abnormal reading, n=21) and p= 0.999 at 4th postoperative day (normal, n=20) 
(Table 4-72 and Table 4-73). 
Table 4-72: Comparison of TNF changes between LC (n=21) and OC (n=21) 
TNF-alpha 
Time Points 
(LC vs. OC) 
Preoperative 
V% hr after incision 
End of surgery 
1** postop day 
4* postop day 
t-
value 
1.679 
1.600 
1.992 
-1.42 
-.899 
df 
40 
40 
40 
40 
40 
P-
value 
0.101 
0.118 
0.053 
0.165 
0.374 
Mean 
Difference 
9.353 
10.049 
10.893 
-12.777 
-36.876 
S.E.D. 
5.571 
6.282 
5.469 
9.023 
41.009 
95% CID 
Lower 
-1.905 
-2.648 
-0.160 
-31.013 
-119.757 
Upper 
20.612 
22.746 
21.946 
5.460 
46.006 
Table 4-73: Comparison of TNF changes between LC (n=21) & OC2 (n=20) 
TNF-alpha 
Time Points 
(LC vs. OC2) 
Preoperative 
Half an hr after 
incision 
End of surgery 
1** postop day 
4* postop day 
t 
1.847 
1.531 
1.861 
-1.01 
0.001 
df 
39 
39 
39 
39 
39 
Sig. 
(2-taiIed) 
p-value 
0.072 
0.134 
0.070 
0.319 
0.999 
Mean 
Difference 
10.383 
9.692 
10.429 
-6.882 
0.024 
S.E.D. 
5.620 
6.330 
5.604 
6.813 
17.164 
95 % CID 
Lower 
-0.985 
-3.11 
-0.91 
-20.66 
-34.69 
Upper 
21.75 
22.49 
21.76 
6.90 
34.74 
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4.3.6.5. Comparison of TNF -alpha Changes between LC & OH Groups 
Independent sample t-test for comparison of equality of means, the values in the two 
groups were found insignificantly different (p>0.05) from each other before operation, 
at half an hour after start of surgery, end of surgery and on the 4**' postoperative day 
(p=Cr.lOO, 0.320, 0.137 and 0.07 respectively). However, a significant change in TNF 
expression was noted between two groups on 1^  postoperative day. 
TNF concentration increased significantly in the open hysterectomy group as 
compared to the laparoscopic group (Table 4-74). 
Table 4-74: Compa 
TNF-alpha 
Time Points 
(LC VS.OH) 
Preoperative 
V% hr after surgery 
End of surgery 
1** postop day 
4* postop day 
irison of TNF-alpha changes between LC & OH Groups 
t-
value 
1.683 
1.012 
1.512 
-3.271 
-1.906 
df 
40 
40 
40 
40 
40 
Sig. (2-
tailed) 
p-value 
0.100 
0.318 
0.138 
0.002 
0.064 
Mean 
Difference 
9.297 
6.472 
8.375 
-21.455 
-32.240 
95% CID 
Lower 
-1.865 
-6.451 
-2.820 
-34.712 
-66.431 
Upper 
20.460 
19.394 
19.569 
-8.197 
1.952 
4.3.6.6. Comparison of TNF-alpha Changes between OC & OH Groups 
On application of independent sample t-test between two groups insignificant 
differences at half an hour after start of surgery and at the end of surgery (p>0.05) 
were noted. 
TNF expression was again insignificantly different (p>0.05) on 1^  and 4* 
postoperative day respectively between OC and OH including one abnormally high 
reading at 4*'^  postoperative day (Table 4-75). However, the comparison between two 
groups became significant at 4* postoperative day after excluding the abnormally 
high reading from open cholecystectomy group (Table 4-76). 
156 
RESULTS 
Table 4-75: Comparison of TNF Changes between OC (n=21) & OH (n=21) 
TNF-alpha 
Time points 
(OC vs. OH) 
Preoperative 
Vz hr after surgery 
End of surgery 
1** postop day 
4* postop day 
t-
value 
0.043 
2.056 
2.198 
0.826 
-0.127 
df 
40 
40 
40 
40 
40 
p-value 
0.966 
0.046 
0.034 
0.414 
0.900 
Mean 
Difference 
0.0561 
3.501 
2.450 
8.518 
-4.926 
95% CH) 
Lower 
-2.552 
0.0589 
0.197 
-12.33 
-83.335 
Upper 
2.665 
6.943 
4.703 
29.365 
73.482 
Table 4-76: Comparison of TNF changes between OC2 (n=20 
TNF-alpha 
Time points 
(OC2 vs. OH) 
Preoperative 
Vx hr after surgery 
End of sui^ery 
1** postop day 
4* postop day 
Excluding one abnor 
t 
1.197 
1.997 
2.116 
4.324 
0.393 
mal readii 
Df 
39 
39 
39 
39 
39 
ig on 4** 
p-value 
0.239* 
0.053* 
0.041* 
<0.001 
0.697* 
' post-op day;' 
Mean 
Difference 
1.034 
3.487 
2.417 
43.189 
3.770 
^Not signific 
^ & OH (n =21) 
95% CH) 
Lower 
-0.713 
-0.045 
0.106 
22.985 
-15.65 
-ant 
Upper 
2.781 
7.019 
4.728 
63.393 
23.192 
4.3.6.7. Comparison of TNF-alpha Changes among LC, OC & OH Groups 
Comparison among groups with the help of ANOVA TNF expression showed a 
characteristic pattern of delayed rise which reached its peak value after 1st 
postoperative day, the increased TNF-a production was more marked in open 
cholecystectomy and hysterectomy groups. A significant difference among groups 
was noted at end of surgery and 1st postop day (Table 4-77). However, on application 
of Bonferroni test statistically insignificant difference among groups were noted at 
varying intervals in perioperative period (Table 4-78). 
Graphic presentation of changes in TNF-alpha expression among groups was shown 
in figure 4-7. 
157 
RESULTS 
Table 4-77: Comparison of TNF-alpha Changes in 3 Groups by ANOVA 
TNF-alpha 
Sampling Time 
(LC, OC & OH) 
preoperative 
Vx hr after 
incision 
End of surgery 
1** postop day 
4* postop day 
Sum of 
Squares 
1217.600 
1092.789 
1371.618 
4824.700 
16833.822 
df 
2 
2 
2 
2 
2 
Mean 
Square 
608.800 
546.395 
685.809 
2412.350 
8416.911 
F 
2.752 
1.844 
3.158 
2.978 
.691 
ANOVA 
Sig. 
p-va!ue 
0.072 
0.167 
0.050 
0.058 
0.505 
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Table 4-78: Comparison of TNF Changes in 3 Groups by Bonferroni test 
TNF-alpha 
Time Points 
Preoperative 
Half an hr after incision 
End of surgery 
1** postop day 
4* postop day 
(I) - (J) 
Groups 
LC-OC 
LC-OH 
OH-OC 
LC-OC 
LC-OH 
OH-OC 
LC-OC 
LC-OH 
OH-OC 
LC-OC 
LC-OH 
OH-OC 
LC-OC 
LC-OH 
OH-OC 
Mean 
Difference 
9.354 
9.297 
0.0561 
10.049 
6.548 
3.501 
10.893 
-8.443 
2.450 
-12.77671 
-21.29433 
8.51762 
-36.87562 
-31.94919 
-4.92643 
p-value 
0.138 
0.142 
1.000 
0.190 
0.668 
1.000 
0.059 
0.205 
1.000 
0.453 
0.055 
1.000 
0.850 
1.000 
1.000 
95% C I . 
Lower 
Bound 
-1.951 
-2.007 
-11.249 
-3.035 
-6.536 
-9.583 
-0.308 
-19.644 
-8.751 
-34.410 
-42.9279 
-13.1160 
-120.7895 
-115.8631 
-88.8403 
Upper 
Bound 
20.658 
20.602 
11.361 
23.133 
19.632 
16.585 
22.094 
2.758 
13.651 
8.857 
0.339 
30.151 
47.038 
51.965 
78.987 
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Figure 4-7: Comparison of TNF-alpha Changes among LC, OC & OH (Hys) Groups 
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4.4. PART B: HAEMODYNAMIC RESPONSES 
4.4.1. HEART RATE (HR) RESPONSES 
The present study comprised of 3 groups - Laparoscopic Cholecystectomy (LC), open 
cholecystectomy (OC) and open abdominal hsysterectomy (OH). Furthermore, for 
assessment of the haemodynamic responses, each of the three study groups was 
divided into 3 subgroups - normotensive (NT), treated hypertensive (HT) and 
combined (CG). Therefore, the heart rate responses were recorded in terms of these 
groups/ subgroups and are herewith presented separately. 
4.4.1.1. Heart Rate Changes following Laparoscopic Cholecystectomy 
The LC group comprised of 3 subgroups, viz.. Combined Group (n=21) consisting of 
both normotensive and hypertensive patients, Normotensive Group (n=16) and 
Normotensive Group (n=5) consisting of treated hypertensive patients and combined 
(n=21). Therefore, these subgroups were studied for the heart rate responses and are 
documented separately henceforth. 
4.4.1.1.1. Heart Rate Changes in Normotensive Patients of the LC Group 
In the LC group (Normotensive), pre-operative mean heart rate was 85.00 ± 2.24 per 
minute (mean± SEM) which increased to 92.94± 2.70/min at half-an-hour after start 
of surgery and this increase in heart rate was found statistically significant (p<0.05). 
At the end of surgery, rate was noted 89.25± L96/minute which again proved 
significant (p<0.05) (Table 4-79). 
On 1"^  and 4* postoperative days, heart rate was recorded 82.00± 1.60/minute and 
82.75± 1.21/minute respectively and both these values were significantly different 
from the pre-operative value (p<0.05) (Table 4-79). 
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Table 4-79: Heart Rate Changes in Normotensive Patients of the LC Group 
HR 
Recording Time 
Preoperative 
V2 hr after incision 
End of surgery 
1^ postop day 
4*** postop day 
Mean HR in 
LC Group 
(Normotensive) 
85.00 
92.94 
89.25 
82.00 
82.75 
N 
16 
16 
16 
16 
16 
S.D. 
8.94 
10.80 
7.83 
6.401 
5.79 
S.E.M 
2.24 
2.70 
1.96 
1.60 
1.45 
95 % CID 
Lov^ rer 
-
-12.36 
-7.55 
0.36 
-0.44 
Upper 
-
-3.52 
0.95 
5.64 
4.94 
t-
value 
-
3.83 
2.75 
2.42 
1.78 
P-
vaiue 
-
0.002* 
0.015* 
0.029* 
0.095 
* Significant 
4,4.1.1.2. Heart Rate Changes in Treated Hypertensive Patients of the LC Group 
In the LC group (Hypertensive), pre-operative mean heart rate was found 91.20 ± 2.15 
per minute (mean± SEM) which increased to 114.20± 4.18/minute at half-an-hour 
after start of surgery and this increase in heart rate was found statistically significant 
(p<0.05). At the end of surgery, rate was found 102.00i 2.28/minute which proved 
significant (p<0.05) (Table 4-80 & 4-81). 
On 1^ and 4*'' postoperative days, heart rates were recorded 88.40± 1.47/minute and 
87.60± 1.17/minute respectively and both these rates were found similar to the pre-
operative rate (p<0.05) (Table 4-80 and 4-81). 
/ 
Table 4-80: Heart Rate Changes in Treated hypertensives of the LC group 
HR 
Recording Time 
Preoperative 
Vi hr after incision 
End of surgery 
1^ post op day 
4"* postop day 
N 
5 
5 
5 
5 
5 
MeanHR 
in 
LC group 
(Hypertensive) 
86.00 
98.00 
94.00 
86.00 
84.00 
HR 
Maximum 
98.00 
121.00 
108.00 
92.00 
90.00 
HR 
Minimum 
91.20 
114.20 
102.00 
88.40 
87.60 
S.D. 
4.817 
9.365 
5.10 
3.29 
2.61 
S.E.M. 
2.15 
4.18 
2.28 
1.47 
1.17 
% 
change 
-
23.46 
10.20 
6.12 
8.16 
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Table 4-81: Significance of HR Change: 
Self Pairing 
LC group 
(Hypertensive) 
HR1-HR2 
HR1-HR3 
HR1-HR4 
HR1-HR5 
HRl=pre-op; H 
N 
21 
21 
21 
21 
E^=h 
Mean 
difference 
-23.00 
-10.80 
2.80 
3.60 
alf-an-hr af 
S.D. 
8.80 
6.72 
7.29 
5.73 
er incisic 
s in the LC group (Hypertensive) 
S.E.D. 
3.94 
3.01 
3.26 
2.56 
95%Cn) 
Lower 
-33.93 
-19.15 
-6.26 
-3.51 
)n;HR3=endofs 
Upper 
-12.07 
-2.45 
11.86 
10.71 
t 
-5.84 
-3.59 
0.86 
1.41 
df 
4 
4 
4 
4 
urgery; HR 1 & 4= 
P-
value 
0.004* 
0.023* 
0.439 
0.233 
T>OStOP 
dayl & 4; *Significant; 
4.4.1.1.3. Hear Rate Changes in All Patients of the LC Group (Combined Group) 
In the LC group (Combined), pre-operative mean heart rate was 86.48 ± 1.85 per 
minute (mean± SEM) and it increased to 98.00± 3.02/minute at half-an-hour after 
start of surgery and this increase in heart rate was found statistically significant 
(p<0.001). At the end of surgery, heart rate was noted 92.285±1.97/minute which 
again proved significant (p<0.05) (Table 4-82 & 4-83). 
On 1st and 4th postoperative days, heart rates were recorded 83.52± 1.39/ minute and 
83.90± 1.22/minute respectively and both these rates were found significantly 
different from the pre-operative value (p<0.05) (Table 4-82 and 4-83). 
Comparative changes in mean heart rates in laparoscopic group among normotensive, 
hypertensive and combined subgroups were graphically depicted in figure 4-8. 
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Table 4-82: HR Changes in AH Patients of the LC Group (Combined Group) 
HR 
Recording time 
Preoperative 
Vi hr after incision 
End of surgery 
1** pbstop day 
4^ postop day 
Mean HR 
in 
LC Group 
(combined Group) 
86.48 
98.00 
92.29 
83.52 
83.90 
N 
21 
21 
21 
21 
21 
S.D. 
8.48 
13.83 
9.06 
6.38 
5.57 
S.E.M. 
1.85 
3.02 
1.98 
1.39 
1.22 
Table 4-83: Significance of HR Changes in LC (Combined) Group (n=21) 
HR 
Self Pairing 
LC group 
(Combined) 
HR1-HR2 
HR1-HR3 
ECR1-HR4 
HRl - HR5 
HRl=pre-op; HR2=ha 
Mean 
Difference 
-11.524 
-5.810 
2.952 
2.571 
If-an-hr after iiw 
S.D. 
10.505 
6.780 
5.390 
5.105 
:ision; ] 
S.E.D. 
2.292 
1.479 
1.176 
1.113 
HR3=er 
95 % cro 
Lower 
-16.31 
-8.90 
0.50 
0.25 
idofsui 
Upper 
-6.74 
-2.72 
5.41 
4.90 
rgery; K 
t 
-5.03 
-3.93 
2.51 
2.31 
[R1& 
df 
20 
20 
20 
20 
.4= 
Sig. 
(2-
tailed) 
p-value 
<0.001* 
<0.001* 
0.021 
0.032 
=postop 
dayl & 4; *Significant 
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Figure 4-8: Comparative HR Changes in LC (combined, normotensive & 
hypertensive) 
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4.4.1.2. Heart Rate Changes following Open Cholecystectomy 
The LC group comprised of 3 subgroups, viz.. Combined Group (n=21) consisting of 
both normotensive and hypertensive patients, Normotensive Group (n=16) and 
Normotensive Group (n=5) consisting of treated hypertensive patients and combined 
(n=21). Therefore, these groups/ subgroups were studied for the heart rate responses 
and are reported separately henceforth. 
4.4.1.2.1. Heart Rate Changes in Normotensive Patients of the OC Group 
In normotensive patients who underwent open cholecystectomy, the preoperative 
heart rate (Mean± SEM) was recorded 83.81 ± 1.97/minute and it increased to 91.75± 
2.54/ minute and 94.00± 2.24/ minute at half-an-hour after incision and at the end of 
surgery respectively. This increase in heart rate was statistically different from the 
preoperative reading on both occasions (p<0.001) (Tables 4-84 and 4-85). On T' and 
4* postoperative days, the mean rate noted in the ward were 82.31± 2.17/minute and 
83.56±2.24 per minute respectively which were found statistically similar to baseline 
value (p>0.05) (Table 4-85). 
Table 4-84: Hear Rate Changes in Normotensive Patients of the OC Group 
HR 
Recording Time 
Preop 
Vz hr after incision 
End of surg 
1** post op. 
4* postop 
Mean HR 
OC Group 
(Normotensive) 
83.81 
91.75 
94.00 
82.31 
83.56 
N 
16 
16 
16 
16 
16 
S.D. 
7.87 
10.14 
8.97 
8.64 
8.97 
S.E.M. 
1.97 
2.54 
2.24 
2.17 
2.24 
% Change 
-
9.52 
11.90 
2.38 
0.30 
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Table 4-85: Significance of HR Changes in OC Group (Normotensive) (n=16) 
Self Pairing 
OC Group 
(Normotensive) 
HR1-HR2 
HR1-HR3 
HR1-HR4 
HR1-HR5 
Mean 
Difference 
-7.94 
-10.19 
1.50 
0.25 
S.D. 
of 
Difference 
5.20 
4.23 
3.48 
6.29 
95% CID 
Lower 
•10.71 
•12.44 
-0.36 
-3.10 
Upper 
-5.17 
-7.93 
3.36 
3.60 
-6.11 
-9.63 
1.72 
.16 
df 
15 
15 
15 
15 
p-value 
<0.001 
<0.001 
0.106 
0.876 
HRl=pre-op; HR2=half-an-hr after incision; HR3=end of surgery; HR 1 & 4=postop 
dayl & 4; 
4.4.1.2.2. Heart Rate Changes in Hypertensive Patients of the OC Group 
In hypertensive patients of open cholecystectomy group, the preoperative heart rate 
(mean± SEM) was recorded 84.00 ± 2.53/minute, which increased to 92.80± 3.88/ 
minute and 92.80± 4.41/ minute at half-an-hour after incision and at the end of 
surgery respectively. This increase in heart rate was statistically different from the 
preoperative reading on both occasions (p<0.05) (Table 4-86 and 4-87). On 1^ and 4*'' 
postoperative days, the rates were noted 81.20± 3.57/minute and 85.20±1.36/minute 
respectively, which were found statistically similar to the baseline value (p>0.05) 
(Table 4-87). 
Table 4-86; Heart Rate Changes in Hypertensive Patients of the OC Group 
HR 
Recording Time 
OC Group 
(Hypertensive) 
Preoperative 
Vi hr after incision 
End of sui^ 
1^ post op.day 
4* postop. day 
N 
5 
5 
5 
5 
5 
HR 
Minimum 
78.00 
80.00 
86.00 
78.00 
82.00 
HR 
Maximum 
90.00 
104.00 
110.00 
86.00 
88.00 
HR 
Mean 
84.00 
92.80 
92.80 
81.20 
85.20 
S.D. 
5.66 
8.67 
9.86 
3.35 
3.03 
S.E.M. 
2.53 
3.88 
4.41 
1.50 
1.36 
% Change 
-
10.71* 
10.71* 
3.57 
1.19 
* Significant 
167 
RESULTS 
Table 4-87: Significance of HR Changes in the OC Group (Hypertensive) 
HR 
Self Pairing 
OC Group 
(Hypertensive) 
HR1-HR2 
HR1-HR3 
HR1-HR4 
HR1-HR5 
HRl=pre-op; HR2= 
Difference 
of 
Mean 
-8.80 
-8.80 
2.80 
-1.20 
=half-an-hr aft< 
S.D. 
of 
Difference 
4.82 
6.72 
3.90 
4.82 
95 % CH) 
Lower 
-14.78 
-17.15 
-2.04 
-7.18 
iT incision; HR3=end o 
Upper 
-2.82 
-.45 
7.64 
4.78 
fsurgery 
t 
-4.09 
-2.93 
1.60 
-0.56 
df 
4 
4 
4 
4 
H R 1 & 4 
p-value 
0.015* 
0.043* 
0.184 
0.607 
=postop 
dayl & 4; * Significant 
4.4.1.2.3. Heart Rate Changes in All Patients of the OC Group (Combined Group) 
In open cholecystectomy as a whole, the preoperative heart rate (mean± SEM) was 
recorded 83.67± 1.62/minute which increased to 91.52± 2.15/minute and 91.52± 2.15/ 
minute at half-an-hour after incision and at the end of surgery respectively. These 
increases in heart rate were found statistically different from the preoperative reading 
on both occasions (p<0.001) (Table 4-88 and 4-89). On 1st and 4th postoperative 
days, pulse rates noted in the ward were 82.33± 1.69/minute and 83.48±1.74per 
minute respectively, which were statistically similar to baseline value (p>0.05) (Table 
4-89). 
Comparative changes in mean heart rates in open cholecystectomy group, among 
normotensive, hypertensive and combined subgroup during perioperative period are 
graphically depicted in figure 4-9. 
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Table 4-88: HR Changes in All Patients of the OC Group (Combined Group) 
HR 
Recording Time 
Preoperaive 
Half hr after incision 
End of surgery 
1st postop day 
4th postop day 
Mean HR 
OC Group 
(Combined Group) 
83.67 
91.52 
93.71 
82.33 
83.48 
N 
21 
21 
21 
21 
21 
S.D. 
7.43 
9.86 
8.95 
7.75 
7.96 
S.E.M. 
1.62 
2.15 
1.95 
1.69 
1.74 
Table 4-89: Significance of HR Changes in OC (Combined) Group (n=21) 
HR 
Self Pairing 
OC Group 
(Combined) 
HR1-HR2 
HR1-HR3 
HR1-HR4 
HR1-HR5 
Difference 
of 
Mean 
-7.857 
-10.048 
1.333 
0.190 
S.D. 
of 
Difference 
4.943 
4.780 
4.586 
5.629 
95 % cro 
Lower 
-10.107 
-12.223 
-0.754 
-2.371 
Upper 
-5.607 
-7.872 
3.421 
2.752 
t 
-7.285 
-9.633 
1.332 
0.155 
df 
20 
20 
20 
20 
Sig. 
(2-taUed) 
p-value 
<0.001 
<0.001 
0.198 
0.878 
HRl=pre-op; HR2=half-an-hr after incision; HR3=end of surgery; HR 1 & 4=postop 
dayl & 4; 
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Figure 4-9: HR changes in OC Groups (Normotensive, Hypertensive & 
Combined) 
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4.4.1.3. Heart Rate Changes following Open Abdominal Hysterectomy 
The LC group comprised of 3 subgroups, viz.. Combined Group (n=21) consisting of 
both normotensive and hypertensive patients, Normotensive Group (n=15) and 
Normotensive Group (n=6) consisting of treated hypertensive patients. Therefore, 
these groups/ subgroups were studied for the heart rate responses and are documented 
separately henceforth. 
4.4.1.3.1. Heart Rate Changes in Normotensive Patients of the OH Group 
In hormotensive patients of the OH group, preoperative heart rate (mean± S.E.M.) 
was recorded 84.60±2.31/minute, and after half hour after incision, heart rate 
increased to 84.33 ±2.44/minute, which wass not significantly different from 
preoperative value (p=0.917). At the end of surgery, the heart rate increased to 93.13± 
3.21/minute which was significantly different from preoperative value (Table 4-90 
and 4-91). 
In the postoperative period, the values recorded were 84.47±2.89 /minute and 84.00± 
2.25 per minute at 1st and 4th postoperative days respectively, which were found 
similar (p>0.05)) to preoperative reading on statistical computation (Table 4-90 and 4-
91). 
Table 4-90: Heart Rate Changes in Normotensive Patients of the OH Group 
HR 
Recording Time 
Preoperative 
Vil hr after incision 
End of surgery 
1** postop. day 
4* postop. day 
Mean 
HR 
OH Group 
(Normotensive) 
84.60 
84.33 
93.13 
84.47 
84.00 
N 
15 
15 
15 
15 
15 
S.D. 
8.96 
9.44 
12.45 
11.19 
8.72 
S.E.M. 
2.31 
2.44 
3.21 
2.89 
2.25 
% 
Change 
-
1.18 
9.41 
0.15 
1.18 
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Table 4-91: Significance of HR Changes in the OH 
HR 
Self Pairing 
OH group 
(Normotensive) 
HR1-HR2 
HR1-HR3 
HR1-HR4 
HR1-HR5 
Mean 
Difference 
0.27 
-8.53 
0.13 
0.60 
S.D. 
9.71 
4.67 
6.07 
3.42 
group (Normotensive) 
95 % cm 
Lower 
-5.11 
-11.12 
-3.23 
-1.30 
Upper 
5.64 
-5.95 
3.49 
2.49 
t 
0.11 
-7.07 
0.09 
0.68 
df 
14 
14 
14 
14 
p-value 
0.917 
<0.001 
0.933 
0.508 
dayl & 4; 
c, HR3=end of surgery; HR 1 & 4=postop 
4.4.1.3.2. Heart Rate Changes in Hypertensive Patients of the OH Group 
In the OH (Treated Hypertensive ) group, preoperative heart rate (mean± S.E.M.) was 
recorded 81.33d=3.37/minute and after half hour after incision, mean heart rate was 
noted 83.67 ±3.07/minute, which was not significantly different fi"om preoperative 
value (p=0.541). At the end of surgery, the heart rate increased to 88.00± 4.16/niinute, 
which was significantly different from preoperative value (p<0.05) (Table 4-92 and 4-
93). 
Table 4-92: Heart Rate Changes in Hypertensive Patients of the OH Group 
Heart Rate 
Recording Time 
OH group 
(Hypertensive) 
Preop 
Vz hr after incision 
End of surgery 
1** post op.day 
4* postop day 
N 
6 
6 
6 
6 
6 
HR 
Minimum 
72.00 
74.00 
76.00 
70.00 
72.00 
HR 
Maximum 
92.00 
96.00 
100.00 
90.00 
92.00 
HR 
Mean 
81.33 
83.67 
88.00 
79.67 
80.33 
S.D. 
8.26 
7.53 
10.20 
7.94 
7.94 
S.E.M. 
3.37 
3.07 
4.16 
3.24 
3.24 
% 
Change 
-
4.35 
8.70 
2.17 
0 
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In the postoperative period, the rates was recorded 79.67±3.24 /minute at 1st 
postoperative day (p<0.05) and 80.33± 3.24 per minute at 4th postoperative day both 
of which were found similar (p>0.05) to preoperative reading (Table 4-92 and 4-93). 
Table 4-93: Significance of HR Changes in the OH group (Hypertensive) 
HR 
Self Pairing 
OH group 
(Hypertensive) 
HR1-HR2 
HR1-HR3 
HR1-HR4 
HR1-HR5 
Mean 
Difference 
-2.33 
-6.67 
1.67 
1.00 
S.D. 
8.71 
2.42 
0.82 
1.67 
95 % cro 
Lower 
-11.47 
-9.21 
0.81 
-0.76 
Upper 
6.81 
-4.12 
2.52 
2.76 
t 
-.66 
-6.74 
5.00 
1.46 
df 
5 
5 
5 
5 
p-vaiue 
0.541 
<0.001 
0.004 
0.203 
HRl=pre-op; HR2=half-an-hr after indsion; HR3=%nd of surgery; HR 1 & 4=postop dayl & 4; 
4.4.1.3.3. Heart Rate Changes in All Patents of the OH Group (Combined Group) 
In open hysterectomy group as a whole, preoperative heart rate (mean± S.E.M.) was 
85.857±2.141/minute, and after half an hour start of surgery, heart rate was observed 
84.81 ±2.789/minute, which is not significantly different from baseline value 
(p=0.658). At the end of surgery the heart rate increased to 95.095± 2.595/minute, 
which was significantly different from preoperative value (p<0.001) (Table 4-94 and 
4-95). 
In the postoperative period, the values recorded were 83.905±2.239 /minute and 
84.476± 2.037 per minute at 1^  and 4*'' postoperative days respectively, which was 
similar (p=0.142 and 0.236) to baseline reading (Table 4-94 and 4-95). 
Comparative perioperative changes in mean heart rate in normotensives, 
hypertensives and combined subgroups of open hysterectomy group are illustrated in 
figure 4-10. 
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Table 4-94: Heart Rate Changes in Patients of the OH (Conbined) Group 
HR 
Recording time 
Preoperative. 
Half hr after incision 
End of surg. 
1"* postop day 
4* postop day 
MeanHR 
OH Group (Conbined) 
85.857 
84.810 
95.095 
83.905 
84.476 
N 
21 
21 
21 
21 
21 
S.D. 
9.816 
12.781 
11.891 
10.261 
9.336 
S.E.M. 
2.141 
2.789 
2.595 
2.239 
2.037 
Table 4-95: Signiflcance of HR Changes in Patients of OH (Combined) Group 
HR 
Self Pairing 
OH Group 
(Combined) 
HR1-HR2 
HR1-HR3 
HRl - HR4 
HRl -HR5 
HRl=pre-op; H 
Difference 
of 
Means 
1.048 
-9.238 
1.9524 
1.381 
R2=half-an-hr 
S.D. 
of 
Difference 
10.670 
8.055 
5.852 
5.181 
after incision; 
95 % C.I.D. 
Lower 
-3.809 
-12.905 
-0.711 
-0.978 
HR3=end 
Upper 
5.905 
-5.571 
4.616 
3.740 
of surge 
t 
0.450 
-5.255 
1.529 
1.221 
rviHRl 
df 
20 
20 
20 
20 
&' 
p-value 
0.658 
<0.001* 
.142 
.236 
4=POStOD 
dayl & 4; * Significant 
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Figure 4-10: HR Changes in the OH Groups (Normotensive, Hypertensive & 
Combined) 
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4.4.1.4. Comparison of Heart Rate Changes between LC & OC Groups 
On comparison of mean values between LC and OC during perioperative period, the 
heart rates at half an hour after incision and at end of surgery were found comparable 
to the baseline preoperative rate (p>0.05), indicating equal intra-operative stress in the 
two groups following surgery (Table 4-96). In the postoperative period, HR changes 
again proved similar between the two groups on both days 1 and 4 (>0.05) (Table 4-
96). 
Table 4-96: Comparison of Heart; Rate Changes between LC & OC Groups 
Heart rate/min 
Recording Times 
(LC vs. OC) 
Preoperative 
V% hr after incision 
End of surgery 
Istpostop day 
4* postop day 
t-
value 
1.142 
1.748 
-0.514 
0.543 
0.202 
df 
40 
40 
40 
40 
40 
P-
value 
0.260 
0.088 
0.610 
0.590 
0.841 
Mean 
Difference 
2.81 
6.48 
-1.43 
1.19 
0.43 
S.E.D. 
2.46 
3.71 
2.78 
2.19 
2.12 
95 % cro 
Lower 
-2.16 
-1.01 
-7.05 
-3.24 
-3.86 
Upper 
7.78 
13.97 
4.19 
5.62 
4.71 
4.4.1.5. Comparison of Heart Rate Changes between LC & OH Groups 
On comparison of LC and OH groups, baseline mean±S.E.M. values were found 
comparable (p>0.05) (Table 4-97). However, following half an hour after start of 
surgery, the independent sample t-test revealed significant dofference between the 
two groups ( p<0.01) (Table 4-97). At the end of operation, the changes in heart rate 
became similar in the two groups (p>0.05) and fyrther, no significant diflference was 
noted in the postoperative period until 4* day (Table 4-97). 
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Table 4-97: Comparison of Heart Rate Changes between LC & OH Groups 
Heart Rate 
Pairing 
(LC-OH) 
Preoperative 
Vi hr after incision 
End of surgery 
l** postop day 
4* postop day 
t 
0.219 
3.210 
-0.86 
-0.144 
-0.241 
df 
40 
40 
40 
40 
40 
P-
value 
0.828 
0.003 
0.394 
0.886 
0.811 
Mean 
Diff. 
0.619 
13.190 
-2.810 
-0.3810 
-0.571 
S.E,D. 
2.830 
4.109 
3.262 
2.637 
2.372 
95 % CD) 
Lower 
-5.101 
4.886 
-9.403 
-5.711 
-5.365 
Upper 
6.339 
21.495 
3.784 
4.949 
4.223 
4.4.1.6. Comparison of Heart Rate Changes between OC & OH Groups 
Following two different types of surgery (OC and OH) by conventional method, the 
changes in heart rate was computed by independent sample t-test and the preoperative 
value was found comparable (p>0.05) between the two groups (Table 4-98). 
The heart rates remained comparable throughout during the intra-operative as well as 
post-perative period until 4 day (>0.05) between the two groups (Table 4-98). 
Table 4-98: Comparison of Heart Rate Changes between OC & OH Groups 
Heart rate/min 
Recording Time 
(OC vs. OH) 
Preoperative 
Vz hr after incision 
"End of surgery 
l'^  postop day 
4* postop day 
t 
-0.816 
1.906 
-0.425 
-0.560 
-0.374 
df 
40 
40 
40 
40 
40 
p-value 
0.419 
0.064 
0.673 
0.579 
0.711 
Mean 
Difference 
-2.190 
6.714 
-1.381 
-1.571 
-1.000 
S.E.D. 
2.685 
3.522 
3.248 
2.807 
2.677 
95 % CID 
Lower 
-7.616 
-.404 
-7.945 
-7.244 
-6.411 
Upper 
3.236 
13.833 
5.183 
4.101 
4.411 
4.4.1.7. Comparison of Heart Rate Changes among LC, OC & OH Groups 
The changes in heart rate were compared with help of ANOVA and the Bonferroni 
test for among the three groups. The preoperative value was comparable in all the 
three groups (p>0.05). The changes were statistically significant (p>0.001) from each 
177 
RESULTS 
other after half an hour start of surgery between LC and OH groups (Table 4-99), 
though they were insignificant (p>0.05) between OC and OH groups (Table 4-100). 
Following completion of surgery, comparable changes in pulse rate (P>0.05) were 
noted among the laparoscopic cholecystectomy, open cholecystectomy and open 
hysterectomy groups (Table 4-99 and 4-100). 
Graphic representation of comparative perioperative changes in heart rate in the three 
groups is shown in figure 4-11. 
Table 4-99: Comparison of HR Changes among 
HR 
Recording Times 
(LC, OC & OH) 
Preoperative 
Half hr after incision 
End of surg. 
1st postop day 
4th postop day 
Sum 
of 
Squares 
125.612 
1865.646 
80.824 
102.841 
87.334 
df 
2 
2 
2 
2 
2 
3 Groups by ANOVA 
Mean 
Square 
62.806 
932.823 
40.412 
51.420 
43.667 
F 
0.879 
6.366 
0.403 
0.764 
0.733 
ANOVA 
Sig. 
p-value 
0.420 
0.003 
0.670 
0.470 
0.485 
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Table 4-100: Comparison of E[R Changes among 3 Groups by Bonferroni 1 
Hear rate 
Recording Times 
Preoperative 
1/2 hr after 
incision 
End of surgery 
1** postop day 
4* postop day 
(I) 
operation 
LC 
LC 
OC 
LC 
LC 
OC 
LC 
LC 
OC 
LC 
LC 
OC 
LC 
LC 
OC 
(J) 
operation 
OC 
OH 
OH 
OC 
OH 
OH 
OC 
OH 
OH 
OC 
OH 
OH 
OC 
OH 
OH 
Mean 
Difference 
(I-J) 
3.236 
0.429 
-2.807 
7.595 
13.286* 
5.690 
-0.033 
-2.429 
-2.395 
2.84524 
.19048 
-2.65476 
2.70714 
0.38095 
-2.32619 
Sig. 
P-
value 
0.676 
1.000 
0.876 
0.148 
0.002* 
0.413 
1.000 
1.000 
1.000 
0.815 
1.000 
0.914 
0.799 
1.000 
1.000 
test 
95 % C.LD. 
Lower 
Bound 
-3.28 
-5.10 
-9.31 
-1.72 
4.08 
-3.63 
-7.75 
-10.05 
-10.11 
-3.4713 
-6.0486 
-8.9713 
-3.2365 
-5.4898 
-8.2699 
Upper 
Bound 
9.74 
6.86 
3.70 
16.92 
22.49 
15.01 
7.68 
5.19 
5.32 
9.1618 
6.4295 
3.6618 
8.6508 
6.2517 
3.6175 
The mean difference is significant at the 0.05 level. 
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Figure 4-11: Comparative HR Changes among LC, OC & OH groups 
180 
RESULTS 
4.4.2. SYSTOLIC BLOOD PRESSURE (SBP) RESPONSES 
The present study comprised of 3 groups - Laparoscopic Cholecystectomy (LC), open 
cholecystectomy (OC) and open abdominal hsysterectomy (OH). Furthermore, for 
assessment of the haemodynamic responses, each of the three study groups was 
divided into 3 subgroups - normotensive (NT), treated hypertensive (HT) and 
combined (CG). Therefore, the systolic blood pressure responses were recorded in 
terms of these groups/ subgroups and are herewith presented separately. 
4.4.2.1. Systolic Blood Pressure Changes during Laparoscopic Cholecystectomy 
The LC group comprised of 3 subgroups, viz.. Combined Group (n=21) consisting of 
both normotensive and hypertensive patients, Normotensive Group (n=16) and 
Normotensive Group (n=5) consisting of treated hypertensive patients and combined 
(n=21). Therefore, these groups/ subgroups were studied for the systolic blood 
pressure responses and are reported separately henceforth. 
4.4.2.1.1. Systolic B.P. Changes in Normotensive Patients of the LC Group 
The LC group comprised of normotensives, treated hypertensive, and combined 
patients. In normotensive subgroup (n=16)the pre-operative systolic blood pressure 
(S.B.P.) was 129.75 ± L612 mmHg (mean± SEM) increased to 145.375± 2.755 
mmHg after half-an-hour after start of surgery and this increase in S.B.P. was found 
statistically significant (p<0.001). At the end of surgery, value noted was 139.625± 
2.375 mmHg which, again proved significant (p<0.001) (Table 4-101). On 1st and 4th 
postoperative days. Systolic B.P. recorded were 122.875± 1.559 mmHg and 120.625± 
1.8048 mmHg respectively both these values were significantly different from the 
preoperative value (p<0.001) (Table 4-lOland 4-102). 
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Table 4-101: Systolic B.P. Changes in Normotensive Patients of the LC Group 
Ssystoiic B.P. 
Recording Times 
Preoperative 
Vz hr after incision 
End of operation 
1^ postop.day 
4* postop.day 
Mean 
Systolic B.P. 
(nimHg)LC Group 
129.7500 
145.3750 
139.6250 
122.8750 
120.6250 
N 
16 
16 
16 
16 
16 
S.D. 
6.445 
11.020 
9.500 
6.238 
7.219 
S.E.M. 
1.611 
2.755 
2.3750 
1.560 
1.805 
Table 4-102: Significance of S.B.P. Changes in the LC group (Normotensive) 
Systolic BP 
Self Pairing 
LC group 
(Normotensive) 
N 
Mean 
Difference 
S.D. 
of 
Difference 
95 % C.LD. 
Lower Upper 
t-
value 
df P-
value 
SBPl - SBP2 16 -15.625 8.981 -20.410 -10.840 -6.959 15 <0.001 
SBPl - SBP3 16 -9.875 8.082 -14.182 -5.568 -4.887 15 <0.001 
SBPl - SBP4 16 6.875 5.005 4.208 9.542 5.495 15 <0.001 
SBPl - SBP5 16 9.125 5.749 6.062 12.188 6.349 15 <0.001 
SBPl=preop; SBP2=l/2 hr after incision; SBP3=end of surgery; SBP4 &5=postop 
days 1 & 4; 
4.4.2.1.2. Systolic RP. Changes in Treated Hypertensive Patients of the LC Group 
Pre-operative systolic blood pressure (S.B.P.) in treated hypertensive patients(n=5) in 
LC group was 138.40 ± 2.482 mmHg (mean± SEM) .This increased to 167.60± 3.370 
mmHg after half-an-hour start of surgery and this increase in S.B.P. was found 
statistically significant (p<0.001). At the end of surgery, S.B.P. noted was 149.20± 
2.059 mmHg which, again proved significant (p<0.05) (Table 4-103 and 4-104). On 
1st and 4th postoperative days. Systolic B.P. recorded were 131.200± 0.490 mmHg 
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and 130.400± 0.748 mmHg respectively both these values were significantly different 
from the pre-operative value (p<0.05) (Table 4-103 and 4-104). 
Table 4-103: Systolic B.P. Changes in the LC group (Hypertensive) 
Systolic B.P. 
Recording Times 
Preoperative 
Vz hr after incision 
End of operation 
1^ postop.day 
4* postop.day 
Mean Systolic B.P. 
( mmHg) 
LC group (Hypertensive) 
138.40 
167.60 
149.20 
131.20 
130.40 
N 
5 
5 
5 
5 
5 
S.D. 
5.549 
7.536 
4.604 
1.095 
1.673 
S.E.M. 
2.482 
3.370 
2.059 
0.490 
0.748 
Table 4-104: Significance of S.B.P. Changes in the LC group (Hypertensive) 
Systolic B.P. 
Self Pairing 
LC group 
(Hypertensive) 
SBPl - SBP2 
SBPl - SBP3 
SBPl - SBP4 
SBPl-SBP5 
SBPl-preop; SB?: 
N 
5 
5 
5 
5 
>= 
Mean 
Difference 
-29.200 
-10.800 
7.200 
8.000 
/2 hr after in 
S.D. 
of 
Difference 
4.817 
4.147 
4.604 
6.325 
cision; SBP3 
95 % C.LD. 
Lower 
-35.18 
-15.95 
1.48 
0.15 
=end of 
Upper 
-23.22 
-5.65 
12.92 
15.85 
surgery; 
t 
-13.56 
-5.82 
3.50 
2.83 
SBP4^ 
df 
4 
4 
4 
4 
1:5= 
Sig. 
(2-tailed) 
p-value 
<0.001 
0.004 
0.025 
0.047 
=postop 
days 1 & 4; 
4.4.2.1.3. Systolic B.P. Changes in All Patients of the LC Group (Combined Group) 
On statistical computation in combined group (n=21), the preoperative systolic blood 
pressure (S.B.P.) recorded was 131.81 ± 1.57 mmHg (mean± SEM) This increased to 
150.67± 3.06 mmHg after half-an-hour start of surgery and this increase in S.B.P. 
was found statistically significant (p<0.001). At the end of surgery, S.B.P. noted was 
141.905± 2.063 mmHg which, again proved significant (p<0.001). On T' and 4* 
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postoperative days, Systolic B.P. recorded were 124.809± 1.4247 mmHg and 
122.9524± 1.659 mmHg respectively both these values were significantly different 
from the pre-operative value (p<0.001) (Table 4-105 & 4-106). 
Comparative changes in SBP during perioperative period in LC group (blue-
normotensives, red-hypertensives, green-combined group) were depicted graphically 
in figure 4-12. 
Table 4-105: Systolic B.P. Changes in the LC (Combined) Group 
Sytolic B.P. 
Recording Times 
Preoperative 
Vz hr after incision 
End of operation 
1*' postop day 
4* postop day 
Mean Systolic B.P. 
(mmHg) 
LC Group (Combined) 
131.81 
150.67 
141.91 
124.86 
122.95 
N 
21 
21 
21 
21 
21 
S.D. 
7.18 
14.02 
9.45 
6.53 
7.61 
S.E.M. 
1.57 
3.06 
2.06 
1.42 
1.66 
Table 4-106: Significance of S.B.P. Changes in LC group (Combined) 
Systolic B.P. 
Self Pairing 
LC group 
(Combined) 
N 
Difference 
of 
Means 
S.D. 
of 
DifTerence 
95 % C.LD. 
Lower Upper 
df 
Sig. 
(2-tailed) 
p-value 
SBP1-SBP2 21 -18.86 10.01 -23.41 •14.30 -8.632 20 <0.001 
SBPl - SBP3 21 •10.10 7.25 -13.40 -6.79 -6.379 20 <0.001 
SBP1-SBP4 21 6.95 4.80 4.77 9.14 6.636 20 <0.001 
SBPl-SBP5 21 8.86 5.75 6.24 11.47 7.062 20 <0.001 
SBPl=preop; SBP2=l/2 hr after incision; SBP3=end of surgery; SBP4 &5=postop 
days 1 & 4; 
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Figure 4-12: S.B.P.Changes in LC Group (Normotensive, Hypertensive, Combined) 
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4.4.2.2. Systolic Blood Pressure Changes during Open Cholecystectomy 
The LC group comprised of 3 subgroups, viz., Combined Group (n=21) consisting of 
both normotensive and hypertensive patients, Normotensive Group (n=16) and 
Normotensive Group (n=5) consisting of treated hypertensive patients and combined 
(n=21). Therefore, these groups/ subgroups were studied for the systoUc blood 
pressure responses and are reported separately henceforth. 
4.4.2.2.1. Systolic RP. Changes in Normotensive PcOients of the OC Group 
In open (Normotensive) group preoperative systolic blood pressure (SBP) increased 
significantly after half an hour after incision of surgery and at the end of operation 
(p<0.001).However, it returned to preoperative value at 1st and 4th postoperative day 
(p=0.216 and 0.694) respectively (Table 4-107 and 4-108). 
Table 4-107: Changes in mean value of SBP during perioperative peroid in OC 
group (Normotensives) 
BP Recording time 
OC (Normotensive) 
Preoperative (sbpl) 
Vz hr after incision (sbp2) 
End of operation (sbp3) 
1** postop.day (sbp4) 
4* postop.day (sbp5) 
SBP (mmHg) 
Mean 
117.625 
129.875 
132.000 
118.625 
118.000 
N 
16 
16 
16 
16 
16 
S.D. 
3.202 
5.954 
8.914 
4.425 
4.502 
S.E.M. 
0.800 
1.489 
2.229 
1.106 
1.125 
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Table 4-108: Statistical differences in mean SBP in OC group (Normotensives) 
Pairing 
1 
2 
3 
4 1 
SB] 
SBP1-SBP2 
SBP1-SBP3 
SBP1-SBP4 
SBPl-SBP5 
Pl=preop; SBP 
Diff. 
of Mean 
-12.25 
-14.38 
-1.00 
-0.38 
2=1/2 hr afte 
Difference 
ofS.D. 
5.26 
7.74 
3.10 
3.74 
95% CLE 
Lower 
-15.05 
-18.50 
-2.65 
-2.37 
r incision; SBP3=end of 
•. 
Upper 
-9.45 
-10.25 
0.65 
1.62 
surgery; 
t-
value 
-9.316 
-7.433 
-1.291 
-.401 
df 
15 
15 
15 
15 
SBP4 &5=po 
Sig.(2-
tailed) 
<0.001 
<0.001 
0.216 
0.694 
stop 
days 1 & 4; 
4.4.12.1 Systolic B.P. Change in Treated Hypertensive Patients of the OC Group 
In treated hypertensive patients in OC group systolic blood pressure increased 
significantly (p<0.05) after half an hour start of surgery and return to preoperative 
level at the end of surgery (p=0.338). However, at 1st and 4th postoperative day 
systoUc blood pressure became absolutely normal with mean value of 126± 
1.67mniHg and 127.6 ±2.61mnJH[g respectively. Therefore, in hypertensive patients, 
anxiety causes more rise in basal blood pressure accordingly parallel rise in systolic 
blood pressure during intra-operative period as compared to normotensive patients 
(Table 4-109 and 4-110). 
Table 4-109: Changes in mean SBP during perioperative period in OC group 
(Treated Hypertensives) 
BP Recording time in 
OC (Hypertensives) 
Preoperative (sbpl) 
Vz hr after incision (sbp2) 
End of operation (sbp3) 
l'^  postop.day ($bp4) 
4* postop.day (sbp5) 
SBP Mean 
(mmHg) 
134.80 
151.40 
137.60 
126.00 
127.60 
N 
5 
5 
5 
5 
5 
S.D. 
4.60 
6.91 
2.97 
3.74 
2.61 
S.E.M. 
2.06 
3.09 
1.33 
1.67 
1.17 
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Table 4-110: Statistical differences in mean SBP in OC group 
(Treated Hypertensives) 
P<iii*fi 
1 
2 
3 
4 
SBP] 
SBP1-SBP2 
SBPl - SBP3 
SBP1-SBP4 
SBPl-SBP5 
l=preop; SBP2=] 
Difference 
of Mean 
-16.60 
-2.80 
8.80 
7.20 
Difference 
ofS.D. 
5.90 
5.76 
2.68 
4.38 
95% C.LD. 
Lower 
-23.92 
-9.95 
5.47 
1.76 
Upper 
-9.28 
4.35 
12.13 
12.64 
11 hr after incision; SBP3=end of surgen 
t 
-6.29 
-1.09 
7.33 
3.67 
r, SBP4, 
df 
4 
4 
4 
4 
&5=po 
Sig.(2-
tailed) 
0.003 
0.338 
0.002 
0.021 
stop 
days I & 4; 
4.4.2.2.3. Systolic RP. Changes in All Patients of the OC Group (Combined 
Ggroup) 
In combined group the systolic blood pressure increased significantly (p<0.05) after 
half an hour start of surgery and at the end of surgery and returned to preoperative 
value at 1st postoperative day (p=.253). However, at 4th postoperative day systoHc 
blood pressure was statistically similar to SBP of 1st postoperative day (p=.208) 
(Table 4-111 and 4-112). 
Comparative changes in systolic blood pressure in the three subgroups viz 
normotensives, treated hypertensives and combined group shown graphically in figure 
4-13. 
Table 4-111: Changes in mean SBP during perioperative period in OC 
(Combined) group 
BP Recording time in 
OC (Combined) 
Preoperative (sbpl) 
Vz hr after incision 
(sbp2) 
End of operation (sbp3) 
1** postop.day (sbp4) 
4* postop.day (sbp5) 
Mean SBP 
(mmHg) 
121.7143 
135.0000 
133.3333 
120.3810 
120.2857 
N 
21 
21 
21 
21 
21 
S.D. 
8.25 
11.15 
8.21 
5.28 
5.84 
S.E.M. 
1.80 
2.43 
1.79 
1.15 
1.27 
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Table 4-112: Statistical differences in mean SBP during perioperative period in 
OC group (Combined) 
Pairs 
1 
2 
3 
4 
SB] 
SBPl - SBP2 
SBPl - SBP3 
SBP1-SBP4 
SBPl-SBP5 
?l=preop; SEP: 
Mean 
Difference 
-13.29 
-11.62 
1.33 
1.43 
>=l/2 hr after 
Difference 
S.D. 
5.60 
8.78 
5.19 
5.03 
95% C.I.D. 
Lower 
-15.83 
-15.61 
-1.03 
-0.86 
incision; SBP3=end o 
Upper 
-10.74 
-7.62 
3.70 
3.72 
•sureerv 
t 
-10.88 
-6.07 
1.18 
1.30 
r SBP4 t 
df 
20 
20 
20 
20 
fe5=i 
Sig.(2-
tailed) 
0.00 
0.00 
0.25 
0.21 
JOStOp 
days 1 & 4; 
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Figure 4-13: Comparative SBP changes in OC (combined, normo-& hypertensive) 
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4.4.2.3. Systolic B.P. Changes during Open Abdominal Hysterectomy 
The LC group comprised of 3 subgroups, viz.. Combined Group (n=21) consisting of 
both normotensive and hypertensive patients, Normotensive Group (n=15) and 
Normotensive Group (n=6) consisting of treated hypertensive patients. Therefore, 
these groups/ subgroups were studied for the systolic blood pressure responses and are 
documented separately henceforth. 
4.4.2.3.1. Systolic B.P. Changes in Normotensive Patients of the OH Group 
In Hysterectomy (Normotensive) group systoUc blood pressure (SBP) increased 
significantly (p<0.05) following surgery (p=0.001) and at the end of surgery 
(p=0.012). These values returned to preoperative value at 1st postoperative day (Table 
4-113 and 4-114). 
Table 4-113: Systolic B.P. Changes in OH group (Normotensive) 
Systolic B,P. 
Recording Times 
Preoperative (sbpl) 
Vi hr after incision (sbp2) 
End of operation ($bp3) 
1** postop.day ($bp4) 
4* postop.day (sbp5) 
Mean Systolic B.P. 
(mmHg) 
OH Group (Normotensive) 
122.80 
131.20 
130.00 
119.73 
120.93 
N 
15 
15 
15 
15 
15 
S.D. 
8.61 
9.59 
5.45 
8.61 
8.41 
S.E.M. 
2.22 
2.48 
1.41 
2.22 
2,17 
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Table 4-114: Significance of S.B.P. Changes in the OH group (Normotensive) 
Systolic B.P. 
Self Pairing 
OH group 
(Normotensive) 
(n=15) 
SBP1-SBP2 
SBPl - SBP3 
SBPl - SBP4 
SBPl - SBP5 
Difference 
of Means 
-8.40 
-7.20 
3.07 
1.87 
S.D. of 
Difference 
7.64 
9.65 
5.70 
9.18 
95 % C.I.D. 
Lower 
-12.63 
-12.54 
-0.09 
-3.22 
Upper 
-4.17 
-1.86 
6.22 
6.95 
t 
-4.26 
-2.89 
2.08 
0.79 
df 
14 
14 
14 
14 
Sig. 
(2-
tailed) 
p-value 
0.001 
0.012 
0.056 
0.444 
SBPl=preop; SBP2=l/2 hr after incision; SBP3=end of surgery; SBP4 &5=postop 
days 1 & 4; 
4.4.2.3.2. Systolic B.P. Changes in Treated Hypertensive Patients of the OH Group 
In OH group (treated hypertensive patients) basal raised systolic blood pressure was 
not much affected with stress of surgery during intra-operative period as compared to 
LC and OC groups. In the 1st postoperative period blood pressure .decreased 
significantly (p=.044). However, these values returned to baseline value at 4th 
postoperative day (Table 4-115 and 4-116). 
Table 4-115; Systolic B.P. Changes in the OH group (Treated Hypertensives) 
Systolic B.P. 
Recording times 
Preoperative 
Vi hr after incision 
End of operation 
1** postop.day 
4*** postop.day 
Mean Systolic B.P. 
(mmHg) 
OH Group (Hypertensive) 
133.67 
147.83 
132.00 
126.67 
127.00 
N 
6 
6 
6 
6 
6 
S.D. 
12.23 
14.51 
11.87 
7.87 
6.033 
S.E.M. 
4.99 
5.92 
4.84 
3.21 
2.46 
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Table 4-116: Significance of S.B.P. Changes in the OH group (Hypertensive) 
Systolic B.P. 
Self Pairing 
OH group 
(Hypertensive) 
N 
Difference 
of 
Means 
S.D. 
of 
Difference 
95 % C.I.D. 
Lower Upper 
t- value df 
Sig. 
(2-tailed) 
p-value 
SBPl - SBP2 -14.17 6.46 -20.95 -7.384 -5.369 0.534 
SBPl - SBP3 1.67 6.12 -4.76 8.090 0.667 0.534 
SBPl - SBP4 7.00 6.42 0.264 13.736 2.671 0.044 
SBPl-SBP5 6.67 7.76 -1.480 14.814 2.104 0.089 
SBPl=preop; SBP2=l/2 hr after incision; SBP3=end of surgery; SBP4 &5=postop 
days 1 & 4; 
4.4.2.3.3. Systolic RP. Changes in All Patients of the OH Group (Combined) 
In OH (Combined) group, systolic blood pressure increased significantly (p<0.05) 
following surgery (p=0.000) and at the end of surgery these values returned to 
preoperative value (p=.088). However, SEP decreased significantly (p=-005) at 1st 
postoperative day (Table 4-117 and 4-118). Perioperative changes in SEP in OH 
group (A-normotensive, B-hypertensive, C-combined) shown graphically in figure 4-
14. 
Table 4-117: Systolic B.P. Changes in the OH group (Combined) 
Systolic B.P. 
Recording Times 
Preoperative 
Vz hr after incision 
End of operation 
1^ postop.day 
4* postop.day 
Mean Systolic B.P. 
(mmHg) 
OH Group (Combined) 
125.90 
135.95 
129.90 
121.71 
122.67 
N 
21 
21 
21 
21 
21 
S.D. 
10.70 
13.28 
688 
8.82 
8.16 
S.E.M. 
2.34 
2.90 
1.50 
1.92 
1.78 
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Table 4-118: Significance of S.B.P. Changes in the OH group (Combined) 
Systolic B.P. 
Self Pairing 
OH group 
(Combined) 
SBPl - SBP2 
SBPl - SBP3 
SBPl - SBP4 
SBPl-SBP5 
N 
21 
21 
21 
21 
Difference 
of 
Mean 
-10.048 
-4.000 
4.190 
3.238 
S.D. 
of 
Difference 
7.645 
10.218 
6.030 
8.888 
95 % C.LD. 
Lower 
-13.53 
-8.65 
1.45 
-0.81 
Upper 
-6.57 
0.65 
6.94 
7.28 
t 
-6.023 
-1.794 
3.185 
1.670 
df 
20 
20 
20 
20 
Sig. 
(2- tailed) 
p-value 
0.00 
0.09 
0.01 
0.11 
SBPl=preop; SBP2=l/2 hr after incision; SBP3=end of surgery; SBP4 &5=postop 
days 1 & 4; 
194 
RESULTS 
150 
145 
140 
135 
130 
125 
120 
115 
110 
SBP in OH group 
/ ^ ^ >v 
Red-Hypertensive 
Blue-Normotensive 
Green-Combined 
^ ^ ^ ^ ^ " ^ ^ 
y^y*"^^^^ ^^^^^r'***^^^————• 4r ^^^ ^^^>k_ — " ^ ^ ^ i ^ 
preop 1/2 hr endsurg postopl postop2 
Figure 4-14: S.B.P. Changes in OH Group (Normotensive, Hypertensive, Combined) 
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4.4.2.4. Comparison of Systolic B.P. Changes between LC & OC Groups 
On comparison between LC and OC groups, it was found that the systolic blood 
pressure responses were significantly diflferent at half an hour after incision, at end of 
surgery and at 1st postoperative day between two groups (p<.05) (Table 4-119), as the 
mean systolic blood pressure increased significantly during intra-operative period but 
returned to normal value at postoperative day one in LC group (Table 4-119). 
However, systolic blood pressure was and did not return to preoperative value at 1st 
postoperative day in OC group (Table 4-119). 
Table 4-119: Comparison of Systolic B.P. Changes between LC & OC groups 
Systolic B.P. 
Pairing Times 
(LC vs. OC) 
Preoperative 
VS hr after incision 
End of operation 
1** postop.day 
4* postop.day 
t-
value 
4.229 
4.008 
3.138 
2.443 
1.274 
df 
40 
40 
40 
40 
40 
P-
value 
<0.001 
<0.001 
0.003 
0.019 
0.210 
Mean 
Difference 
10.10 
15.67 
8.57 
4.48 
2.67 
95 % CID 
Lower 
5.27 
7.77 
3.05 
0.77 
-1.56 
Upper 
14.92 
23.57 
14.09 
8.18 
6.90 
4.4.2.5. Comparison of Systolic B.P. Changes between LC & OH Groups 
On application of independent sample t-test between LC and OH groups, the Systolic 
blood pressure responses was significantly different preoperatively, at half an hour 
after incision and at the end of surgery (p<0.05). However, blood pressure responses 
reverted to preoperative level at 1st and 4th postoperative day (p<.05) in both the 
groups (Table 4-120). 
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Table 4-120: Comparison of Systolic B.P. Changes between LC & OH groups 
Systolic B.P. 
Pairing Times 
(LC vs. OH) 
Preoperative 
Vi hr after incision 
End of operation 
1** postop.day 
4* postop.day 
t-
value 
2.099 
3.492 
4.702 
1.313 
0.117 
df 
40 
40 
40 
40 
40 
P-
value 
0.042 
<0.001 
<0.001 
0.197 
0.907 
Mean 
DifT. 
5.90 
14.71 
12.00 
3.14 
0.29 
95 % cro 
Lower 
0.22 
6.20 
6.84 
-1.70 
-4.63 
Upper 
11.59 
23.23 
17.16 
7.98 
5.20 
4.4.2.6. Comparison of Systolic B.P. Changes between OC & OH Groups 
Following two different type of surgery by conventional method, the changes in 
systolic blood pressure were computed by independent sample t-test in term of 
equality of means the preoperative, half an hour after surgery, end of surgery at 1st 
postoperative and on 4th postoperative day (p=0.163, 0.803, 0.150, 0.555 and 0.283 
respectively value were comparable between two groups (Table 4-121). Therefore, the 
stress responses followed the similar pattern of changes in systolic blood pressure in 
both type of conventional surgery in the perioperative period. 
Table 4-121: Comparison 
Systolic B.P. 
Pairing Times 
(OC-OH) 
Preoperative 
Vz hr after incbion 
End of operation 
1** postop.day 
4* ^sto^Asy 
of Systolic B.P. Changes between OC & OH groups 
t-
value 
-1.421 
-0.252 
1.467 
-0.595 
-1.088 
df 
40 
40 
40 
40 
AO 
P-
value 
0.163 
0.803 
0.150 
0.555 
0.283 
Mean 
Difference 
-4.19 
-0.95 
3.43 
-1.33 
-2.38 
95 % CH) 
Lower 
-10.15 
-8.60 
-1.30 
-5.86 
-6.81 
Upper 
1.77 
6.70 
8.15 
3.20 
2.04 
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4.4.2.7. Comparison of Systolic B.P. Changes among LC, OC & OH Groups 
Changes in systolic BP during perioperative period were computed with the help of 
ANOVA, the values at preoperatively, at half an hour after start of surgery and at the 
end of surgery differed significantly (p<0.001) fi-om each other among the three 
groups (Table 4-122).Further analysis by Bonferroni test it was noted that the changes 
were significant between laparoscopic cholecystectomy and open cholecystectomy at 
half an hour after incision and at end of surgery (p.OOl). However, in the 
postoperative period the changes were similar among the groups (Table 4-122 and 4-
123). 
Preoperative changes in SBP among LC, OC and OH groups depicted graphically in 
figure 4-15. 
Table 4-122: Comparison of S.B.P. Changes among 3 Groups by ANOVA 
Systolic B.P. 
Recording Times 
(LC, OC & OH) 
Preoperative 
V2 hr after incision 
End of operation 
1^ postop.day 
4* postop.day 
Sum 
of 
Squares 
1080.381 
3240.032 
1604.571 
221.841 
90.032 
df 
2 
2 
2 
2 
2 
Mean 
Square 
540.190 
1620.016 
802.286 
110.921 
45.016 
¥ 
6.918 
9.775 
11.792 
2.246 
.852 
Sig. 
p-value 
0.002 
<0.001 
<0.001 
0.115 
0.432 
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4.4.3. DIASTOLIC BLOOD PRESSURE (DBF) RESPONSES 
The present study comprised of 3 groups - Laparoscopic Cholecystectomy (LC), open 
cholecystectomy (OC) and open abdominal hsysterectomy (OH). Furthermore, for 
assessment of the haemodynamic responses, each of the three study groups was 
divided into 3 subgroups - normotensive (NT), treated hypertensive (HT) and 
combined (CG). Therefore, the diastolic blood pressure responses were recorded in 
terms of these groups/ subgroups and are herewith presented separately. 
4.4.3.1. Diastolic B.P. Changes following Laparoscopic Cholecystectomy 
The LC group comprised of 3 subgroups, viz.. Combined Group (n=21) consisting of 
both normotensive and hypertensive patients, Normotensive Group (n=16) and 
Normotensive Group (n=5) consisting of treated hjjipertensive patients and combined 
(n=21). Therefore, these groups/ subgroups were studied for the diastolic blood 
pressure responses and are reported separately henceforth 
4.4.3.1.1. Diastolic B.P. Changes in Normotensive Patients of the LC Group 
The LC (normotensives) group (n=16) pre-operative baseline diastolic blood pressure 
(D.B.P.) was 80.88 ± 0.912 mmHg (D.B.P. mean± S.E.M.), which increased to 84.75 
± l,692mmHg after half-an-hour after start of surgery and this increase in D.B.P. was 
found statistically significant (p<0.05). At the end of surgery diastolic BP noted was 
82.00± 1.155 mmHg (p=0.327) and at 1st postoperative day diastolic reading was 
79.75± 0.89 mmHg which was similar to preoperative blood pressure (p = 0.07). On 
4th postoperative day the mean diastolic blood pressure (79.62 ±.84 mmHg) became 
absolutely normal with p value 0.046 (p<0.05) which was significantly different fi-om 
the pre-operative value (Table 4-124 and 4-125). 
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Table 4-124: Diastolic B.P. Changes in Normotensive Patients of LC Group 
Diastolic B.P. 
Recording Times 
Preoperative 
Half hr after incision 
End of surgery 
1'* postop day 
4*'' postop day 
Mean D.B.P. 
(mniHg)LC Group 
(Normotensive) 
80.88 
84.75 
82.00 
79.75 
79.62 
N 
16 
16 
16 
16 
16 
S.D. 
3.649 
6.767 
4.619 
3.568 
3.364 
S,E.M. 
0.912 
1.692 
1.155 
0.892 
0.841 
Table 4-125: Significance of D.B.P. Changes in the LC group (Normotensive) 
DiastoHc B.P. 
Self Pairing 
LC group 
(Normotensive) 
DBP1-DBP2 
DBP1-DBP3 
DBP1-DBP4 
DBP1-DBP5 
Difference 
of Means 
-3.875 
-1.125 
1.125 
1.25 
S.D. 
of 
Difference 
6.469 
4.44 
2.306 
2.295 
95 % CID 
Lower 
'7.322 
-3.491 
-0.104 
0.027 
Upper 
-0.428 
1.249 
2.354 
2.473 
t-
value 
-2.396 
-1.013 
1.952 
2.179 
P-
valu 
e 
0.03 
0.327 
0.07 
0.046 
SBPl=preop; SBP2=l/2 hr after incision; SBP3=end of surgery; SBP4 &5=postop 
days 1 & 4; 
4.4.3.1.2. Diastolic B.P. Changes in Treated Hypertensive Patients of the LC Group 
Pre-operative baseline diastolic blood pressure (D.B.P.) in treated hypertensive 
patients (n=5) in LC group was 89.20 ±2.417 mmHg (meani SEM) .This increased 
to lOO.OOi 4.517 mmHg after half-an-hour after start of surgery statistically 
significantly (p<0.05). At the end of suigeiy, D.B.P. noted was 92.200± 3.098 mmHg 
which was not significantly different fi-om baseline value (p=Q.\4). On 1st 
postoperative day mean diastolic B.P. recorded was 87.60± 2.04 mmHg, which 
proved a significant change (p= 0.02). However, at 4th postoperative day, mean blood 
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proved a significant change (p= 0.02). However, at 4th postoperative day, mean blood 
pressure recorded was 86.40± 2.315 mmHg, the value was not significantly different 
from the pre-operative value (p=0.08) (Table 4-126 and 4-127). 
Table 4-126: Diastolic B.P. Changes in Treated Hypertensive Patients of LC 
Diastolic B.P. 
Recording Times 
Preoperative. 
Half hr after incision 
End of surgery 
1^ postop. 
4*postop. 
Mean D.B.P. 
(mmHg) 
LC group (Hypertensive) 
89.200 
100.000 
92.000 
87.600 
86.400 
N 
5 
5 
5 
5 
5 
S.D. 
5.404 
10.099 
6.928 
4.561 
5.176 
S.E.M. 
2.417 
4.517 
3.098 
2.040 
2.315 
Table 4-127: Significance of Diastolic B.P. Changes in LC (Hypertensive) 
Diastolic B.P. 
Self Pairing 
LC 
(Hypertensive) 
DBP1-DBP2 
DBP1-DBP3 
DBP1-DBP4 
DBP1-DBP5 
Mean 
difference 
-10.80 
-2.80 
1.60 
2.80 
S.D. 
of 
Difference 
5.22 
3.35 
0.89 
2.68 
95 % C.LD. 
Lower 
-17.28 
-6.96 
0.49 
-0.53 
Upper 
-4.32 
1.36 
2.71 
6.13 
t-
value 
-4.63 
-1.87 
4.00 
2.33 
df 
4 
4 
4 
4 
P-
value 
0.01 
0.14 
0.02 
0.08 
SBPl=preop; SBP2=l/2 hr after incision; SBP3=end of surgery; SBP4 &5-postop 
days 1 & 4; 
4.4.3.1.3. Diastolic R P. Changes in All Patients of the LC Group (Combined 
Group) 
On statistical computation in combined group (n=21,) the baseline diastolic blood 
pressure 82.857±1.176 (D.B.P. mean± SEM) .increased (88.381±2.172mmHg) 
significantly (p<0.001) after half-an-hour after start of surgery. At the end of surgery, 
the diastolic B.P. was not altered significantly (p=0.111) However, at 1st and 4th 
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postoperative day significant changes in diastolic blood pressure was noted (p=0.012 
and 0.006 on 1st and 4th postoperative day respectively) (Table 4-128 and 4-129), 
indicating absolutely normal blood pressure free of pain and anxiety of operation. 
Perioperative changes in DBP in LC group with comparison of three subgroups 
depicted graphically in figure 4-16. 
Table 4-128: Diastolic B.P. Changes in All Patients of LC group (Combined) 
Diastolic B.P. 
Recording Times 
Preoperative. 
Half hr after incision 
End of surgery 
1** postoperative. 
4* postoperative. 
Mean DBP 
(mmHg) 
LC group (Combined) 
82.857 
88.381 
84.381 
81.619 
81.238 
N 
21 
21 
21 
21 
21 
S.D. 
5.388 
9.952 
6.682 
5.045 
4.753 
S.E.M. 
1.176 
2.172 
1.458 
1.101 
1.037 
Table 4-129: Significance of Diastolic B.P. Changes in LC (Combined) Group 
Diastolic B.P. Pairing 
LC Group 
(Combined) 
DBP1-DBP2 
DBP1-DBP3 
DBP1-DBP4 
DBP1-DBP5 
Mean 
Difference 
-5.524 
-1.524 
1.238 
1.619 
S.D. 
of 
Difference 
6.780 
4.191 
2.047 
2.418 
95 % CID 
Lower 
-8.610 
-3.431 
0.306 
0.518 
Upper 
-2.438 
.384 
2.170 
2.720 
t-
value 
-3.734 
-1.666 
2.772 
3.068 
df 
20 
20 
20 
20 
P-
value 
0.001 
0.111 
0.012 
0.006 
SBPl=preop; SBP2=l/2 hr after incision; SBP3=end of surgery; SBP4 &5=postop 
days 1 & 4; 
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4.4.3.2. Diastolic B.P. Changes foUowing Open Cholecystectomy 
The LC group comprised of 3 subgroups, viz.. Combined Group (n=21) consisting of 
both normotensive and hypertensive patients, Normotensive Group (n=16) and 
Normotensive Group (n=5) consisting of treated hypertensive patients and combined 
(n=21). Therefore, these groups/ subgroups were studied for the diastoHc blood 
pressure responses and are reported separately henceforth 
4.4.3.2.1. Diastolic R P. Changes in Normotensive Patients of the OC Group 
In Open Cholecystectomy normotensive subgroup patients (n=16) pre-operative 
baseline diastolic blood pressure (D.B.P.) was 77.13 ± 0.966 mmHg (D.B.P. mean± 
S.E.M.), which increased to 81.87 ± .991nmiHg after half-an-hour of surgery and 
82.375± 1.281 mmHg at the end of surgery, these increase in D.B.P. were found 
statistically significant (p<0.001) at both the occasion. However, at 1st and 4th 
postoperative day diastolic pressure returned to preoperative level in OC group (Table 
4-130 and 4-131). 
Table 4-130: Diastolic B.P. Changes in Normotensive Patients of OC Group 
Diastolic B.P. 
Recording Times 
Preoperative. 
Half hr after incision 
End of operation. 
1** postop. day 
4*''postop. day 
Mean Diastolic B.P. 
(mmHg) 
OC Group (Normotensive) 
77.13 
81.875 
82.375 
77.250 
77.000 
N 
16 
16 
16 
16 
16 
S.D. 
3.862 
3.964 
5.123 
4.058 
4.382 
S.E.M. 
0.966 
0.991 
1.281 
1.014 
1.095 
RESULTS 
Table 4-131: Significance of Diastolic B.P. changes in the OH (Normotensive) 
Diastolic B.P. 
Self Pairing 
OC group 
(Normotensive) 
DBP1-DBP2 
DBP1-DBP3 
DBP1-DBP4 
DBP1-DBP5 
Mean 
diflference 
-4.750 
-5.250 
-0.1250 
0.1250 
S.D. 
of 
Difference 
3.493 
4.435 
3.052 
2.872 
95 % CID 
Lower 
-6.611 
-7.613 
-1.751 
-1.406 
Upper 
-2.889 
-2.887 
1.501 
1.656 
t 
-5.440 
-4.735 
-0.164 
0.174 
df 
15 
15 
15 
15 
p-value 
<0.001 
<0.001 
0.872 
0.864 
SBPl=preop; SBP2=l/2 hr after incision; SBP3=end of surgery; SBP4 &5=postop 
days I & 4; 
4.4.3,2.2. Diastolic B. P. Changes in Treated Hypertensive Patients of the OC 
Group 
In treated hypertensive patients one of the subgroup of OC (B) (n=5) pre-operative 
baseline diastolic blood pressure (D.B.P.) was 84.00 ± 1.673.mmHg (D.B.P. mean± 
S.E.M.). With surgical stress this value increased to 92.00± 3.033mmHg after half-an-
hour after start of surgery and 84.4± 1.166 mmHg at the end of surgery, these increase 
in D.B.P. vfere found statistically insignificant (p>0.05) at both the occasion. At 1st 
and 4th postoperative day diastolic pressure still not differ significantly from 
preoperative level in treated hypertensive OC group (Table 4-132 and 4-133). 
Table 4-132: Diastolic B.P. Changes in Treated Hypertensive Patients of OC 
Diastolic B.P. 
Recording Times 
1. Preoperative. 
2. Half an hour 
3. Endofsui^ery 
4.1** postop. 
5. 4"* postop. 
Mean Diastolic B.P. 
(mmHg) 
OC (Treated hypertensive) 
84.00 
92.000 
88.400 
81.600 
82.400 
N 
5 
5 
5 
5 
5 
S.D. 
3.742 
6.782 
2.608 
2.191 
3.286 
S.E.M. 
1.673 
3.033 
1.166 
0.980 
1.470 
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Table 4-133: Significance of Diastolic B.P. changes in OC (Hypertensive) 
Diastolic B.P. 
Self Pairing 
OC (Hypertensive) 
DBP1-DBP2 
DBPi-DBP3 
DBP1-DBP4 
DBP1-DBP5 
SBPl=preop; SBP2=1/ 
Mean 
difference 
-8.000 
-4.400 
2.4000 
1.600 
S.D. 
of 
Difference 
7.211 
4.336 
3.286 
2.608 
95 % CH) 
Lower 
-16.954 
-9.784 
-1.681 
-1.638 
2 hr after incision; SBP3=end of sun 
Upper 
0.954 
0.984 
6.481 
4.838 
t-
palue 
-2.481 
-2.269 
1.633 
1.372 
?ery; SBP4 &5=i 
df 
4 
4 
4 
4 
30S 
P-
value 
0.068 
0.086 
0.178 
0.242 
top 
days 1 & 4; 
4.4.3.2.3. Diastolic B.P. Changes in All Patients of the OC Group (Combined 
Group) 
On Statistical computation in combined subgroup (n=21) of open cholecystectomy, 
the baseline (meantS.E.M) diastolic blood pressure (78.762±1.046).increased to 
84.286±1.389mmHg at half an hour after start of surgery and 83.8010±1.154mmHg at 
the end of surgery. The increase in DBP was significant (p<0.001) on both the 
occasion. However, at 1st and 4th postoperative day insignificant changes in diastolic 
blood pressure was noted (Table 4-134 and 4-135). Perioperative changes in DBP in 
OC group with comparison of three subgroups depicted graphically in figure 4-17. 
Table 4-134; Diastolic B.P. Changes in Patients of the OC Group (Combined) 
Diastolic B.P. 
Recording Times 
Preoperative 
Half an hr after incision 
End of surgery 
l'*postoperative day 
4 postoperative day 
Mean Diastolic B.P. 
(mmHg) 
OC Group (Combined) 
78.762 
84.286 
83.8010 
78.286 
78.286 
N 
21 
21 
21 
21 
21 
S.D. 
4.795 
6.365 
5.288 
4.113 
4.703 
S.E.M. 
1.046 
1.389 
1.154 
0.897 
1.026 
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Table 4-135: Significance of Diastolic B.P. Changes in OC Group (Combined) 
Diastolic B.P. 
Self Pairing 
OC Group 
(Combined) 
DBP1-DBP2 
DBP1-DBP3 
DBP1-DBP4 
DBP1-DBP5 
SBPl=preop; SB! 
Difference 
of 
Means 
-5.524 
-5.048 
0.476 
0.476 
P2=l/2hrafte] 
S.D. 
of 
Difference 
4.643 
4.318 
3.219 
2.822 
r incision; SBI 
95 % CID 
Lower 
-7.64 
-7.01 
-0.989 
-0.808 
*3==end oi 
Upper 
-3.41 
-3.08 
1.941 
1.761 
f surgery; 
t 
-5.451 
-5.357 
0.678 
0.773 
df 
20 
20 
20 
20 
Sig. (2-
tailed) 
p-vaiue 
<0.001 
<0.001 
0.506 
0.448 
SBP4 &5=postop 
days 1 & 4; 
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Figure 4-17: Diastolic B.P. Changes in OC (Combined, Normo- & Hyper-tensive) 
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4.4.3.3. Diastolic B.P. Changes following Open Abdominal Hysterectomy 
The LC group comprised of 3 subgroups, viz., Combined Group (n=21) consisting of 
both normotensive and hypertensive patients, Normotensive Group (n=15) and 
Normotensive Group (n=6) consisting of treated hypertensive patients and combined 
(n=21). Therefore, these groups/ subgroups were studied for the diastolic blood 
pressure responses and are reported separately henceforth 
4.4.3.3.1. Diastolic B.P. Changes in Normotensive Patients of the OH Group 
In normotensive patients of Open Hysterectomy ^oup, the baseline diastolic blood 
pressure increased statistically significantly following surgical stress after half an hour 
of start of surgery and at the end of surgery (p<0.002 and 0.021 respectively). 
However, at 1st and 4th postoperative days, insignificant changes in diastolic blood 
pressure were noted (Table 4-136 and 4-137). 
Table 4-136: Diastolic B.P. Changes in Normotensive Patients of OH Group 
Diastolic B.P. 
Recording Times 
Preoperative 
Half an hour after 
incision 
End of surgery 
1 postop day 
4* postop day 
Mean Diastolic B.P. 
(mmHg) 
OH Group (Normotensive) 
78.40 
82.000 
81.067 
77.200 
78.400 
N 
15 
15 
15 
15 
15 
S.D. 
5.138 
4.472 
4.949 
4.887 
5.629 
S.E.M. 
1.327 
1.155 
1.278 
1.262 
1.453 
211 
RESULTS 
Table 4-137: Significance of Diastolic B.P. Changes in OH (Normotensive) 
Diastolic B.P. 
Self Pairing 
OH Group 
(Normotensive) 
DBP1-DBP2 
DBP1-DBP3 
DBP1-DBP4 
DBP1-DBP5 
Difference 
of 
Means 
-3.600 
-2.667 
1.200 
0.000 
S.D. 
of 
Difference 
3.719 
3.976 
1.971 
4.614 
95 % CID 
Lower 
-5.66 
-4.87 
0.11 
-2.55 
Upper 
-1.54 
-0.47 
2.30 
2.55 
t-
value 
-3.749 
-2.597 
2.358 
0.000 
df 
14 
14 
14 
14 
P-
value 
0.002 
0.021 
0.033 
1.000 
SBPl=preop; SBP2=l/2 hr after incision; SBP3=end of surgery; SBP4 &5=postop 
days 1 & 4; 
4.4.3.3.2. Diastolic B.P. Changes in Treated Hypertensive Patients of the OH 
Group 
In Hysterectomy group the subgroup of treated hypertensive patients (n=6), following 
surgical stress the baseline diastolic blood pressure was not affected significantly 
(p>0.05) during perioperative period following surgical stress (Table 4-138 and 4-
139). 
Table 4-138: Diastolic B.P. Changes in Treated Hypertensive Patients of OH 
Diastolic B.P. 
Recording Times 
Preoperative 
Half hr after incision 
End of surgery 
1** postop. day 
4**'postop. day 
Mean Diastolic B.P. 
(mmHg) 
OH Group (Hypertensive) 
85.33 
89.333 
89.000 
84.333 
84.000 
N 
6 
6 
6 
6 
6 
S.D. 
5.007 
9.092 
8.832 
4.633 
4.899 
S.E.M. 
2.044 
3.712 
3.606 
1.892 
2.000 
212 
RESULTS 
Table 4-139: Significance of Diastolic B.P. Changes in OH (Hypertensive) 
Diastolic B.P. 
Self Pairing 
OH Group 
(Hypertensive) 
DBP1-DBP2 
DBP1-DBP3 
DBP1-DBP4 
DBP1-DBP5 
Difference 
of 
Mean 
-4.000 
-3.667 
1.000 
1.333 
S.D. 
of 
Difference 
7.376 
7.202 
3.950 
5.465 
95 % cro 
Lower 
-11.74 
-n.22 
-3.14 
-4.40 
Upper 
3.74 
3.89 
5.14 
7.07 
t-value 
-1.33 
-1.25 
0.62 
0.60 
df 
5 
5 
5 
5 
Sig. 
(2-tailed) 
p-value 
0.241 
0.268 
0.562 
0.576 
SBPl=preop; SBP2=l/2 hr after incision; SBP3=end of surgery; SBP4 &5=postop 
days 1 & 4; 
4.4.3.3.3. Diastolic B.P. ChangesinAtt Patients of the OH Group (Combined 
Group) 
In Open Hysterectomy combined subgroup (n=21), the diastolic blood pressure 
increased statistically significantly following surgical stress after half an hour start of 
surgery and at the end of surgery (p<0.002 and 0.012) respectively. However, at 1st 
and 4th postoperative day insignificant changes in diastolic blood pressure were noted 
(Table 4-140 and 4-141). Perioperative changes in DBP in OH group with comparison 
of three subgroups depicted graphically in figure 4-18. 
Table 4-140: Diastolic B.P. Changes in Patients of OH Group (Combined) 
Diastolic B.P. 
Recording Times 
Preoperative 
Half hr after incision 
End of surgery 
1** postop 
4* postop 
Mean Diastolic B.P. 
(mmHg) 
OH (Combined group) 
80.38 
84.0952 
83.333 
79.238 
80.000 
N 
21 
21 
21 
21 
21 
S.D. 
5.920 
6.796 
7.080 
5.744 
5.908 
S.E.M. 
1.292 
1.483 
1.545 
1.253 
1.289 
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Table 4-141: Significance of Diastolic B.P. Changes in OH Group (Combined) 
Diastolic B.P. 
Self Pairing 
OH Group 
(Combined) 
DBP1-DBP2 
DBP1-DBP3 
DBP1-DBP4 
DBP1-DBP5 
Mean 
Difference 
-3.714 
-2.952 
1.143 
0.380 
S.D. 
of 
Difference 
4.828 
4.924 
2.575 
4.769 
95 % cro 
Lower 
-5.912 
-5.194 
-0.029 
-1.790 
Upper 
-1.516 
-0.711 
2.315 
2.552 
t-
value 
-3.525 
-2.748 
2.034 
0.366 
df 
20 
20 
20 
20 
P-
value 
0.002 
0.012 
0.055 
0.718 
SBPl-preop; SBP2=l/2 hr after incision; SBP3=end of surgery; SBP4 &5=postop 
days 1 & 4; 
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4.4.3.4. Comparison of Diastolic B.P. Changes between LC & OC Groups 
The baseline preoperative DBP was comparable between groups following half an 
hour start of surgery and at the end of surgery (p>0.05), indicated equal stress 
occurred to both groups during surgery (p<0.05).However, in the postoperative period 
dayl and 4, surgical trauma was significantly different (p<0.05), as the stress response 
was Subdued but continued in the conventional group, it returned towards normal in 
laparoscopic group (Table 4-142). 
Table 4-142: Comparison of Diastolic B.P. changes between LC & OC groups 
Diastolic B.P. 
Recording Times 
(LC vs. OC) 
Preoperative 
Vz hr after incision 
End of surgery 
1st postop day 
4th postop day 
Mean 
Difference 
4.095 
4.095 
0.571 
3.333 
2.952 
t-
value 
2.602 
1.589 
0.307 
2.347 
2.024 
df 
40 
40 
40 
40 
40 
P-
value 
0.013 
0.120 
0.760 
0.024 
0.050 
95 % CD) 
Lower 
0.914 
-1.115 
-3.187 
0.463 
0.004 
Upper 
7.276 
9.305 
4.330 
6.204 
5.901 
4.4.3.5. Comparison of Diastolic B.P, Changes between LC & OH Groups 
The baseline preoperative DBP was comparable between two groups following half 
an hour start of surgery and at the end of surgery (p>0.05), indicated equal stress 
occurred to both groups during surgery. Even in the postoperative period days 1 and 
4, surgical trauma was statistically same (p<0.05) between two groups (Table 4-143). 
RESULTS 
Table 4-143: Comparison of Diastolic B.P. changes between LC & OH groups 
Diastolic B.P. 
Recording Times 
(LC vs. OH) 
Preoperative 
Half hr after incision 
End of sui^ery. 
1st postop day 
5. 4th postop day 
SBPl=preop: SBP2=l/2 hr aft< 
Mean 
difference 
2.476 
4.286 
1.048 
2.381 
1.238 
jr incision: SBI 
t-
value 
1.418 
1.630 
0.493 
1.427 
0.748 
*3=end c 
df 
40 
40 
40 
40 
40 
)fsu 
P-
value 
0.164 
0.111 
0.625 
0.161 
0.459 
reery; SJ 
95 % CID 
Lower 
-1.054 
-1.029 
-3.246 
-.991 
-2.106 
BP4 &5=p 
Upper 
6.007 
9.601 
5.341 
5.752 
4.582 
ostop 
days 1 & 4; 
4.4.3.6. Comparison of Diastolic Blood Pressure Changes between OC & OH 
On application of independent sample t-test the preoperative baseline mean DBP was 
comparable (p=0.336) between two groups. Following half an hour start of surgery 
and at the end of operation, the p= 0.926 and 0 806, indicated equal stress occurred to 
both groups In the postoperative period at dayl and4, the stress responses were again 
comparable between two groups (Table 4-144). Therefore, the stress response 
followed the similar pattern of changes in diastolic blood pressure in both type of 
conventional surgery in the perioperative period. 
Table 4-144: Comparison of Diastolic B.P. changes between OC & OH groups 
Diastolic B.P. 
Recording Times 
(OC vs. OH) 
Preoperative 
Half hr after incision 
End of surgery 
1^ ' postop day 
4* postop day 
Mean 
Difference 
-1.619 
0.190 
0.476 
-0.952 
-1.714 
t-
value 
-0.974 
0.094 
0.247 
-0.618 
-1.040 
df 
40 
40 
40 
40 
40 
Sig. 
(2-tailed) 
p-value 
0.336 
0.926 
0.806 
0.540 
0.304 
95 % cro 
Lower 
-4.979 
-3.916 
-3.421 
-4.068 
-5.044 
Upper 
1.741 
4.297 
4.374 
2.163 
1.616 
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4.4.3.7. Comparison of Diastolic B.P. Changes among LC, OC and OH Groups 
On application of ANOVA and further analysis by multiple comparison of Bonferroni 
test the perioperative stress related changes in term of diastolic blood pressure were 
comparable in all the three groups. The changes were statistically insignificant 
(p>0.05) from each other following half an hour start of surgery, and completion of 
surgery. Even in.post-operative period at day one and fourth comparable mean 
readings were noted among all the three groups. 
Graphic representation of perioperative stress related comparative changes in diastolic 
blood pressure among LC, OC and OH groups was depicted in figure 4-19. 
Table 4-145: Comparison of D.B.P. Changes among 3 Groups by ANOVA test 
Diastolic B.P. 
Recording Times 
(LC,OCi&OH) 
Preoperative 
Half hr after incision 
End of surgery 
1** postop day 
4* postop day 
Sum 
of 
Squares 
178.667 
246.222 
11.556 
123.810 
92.317 
df 
2 
2 
2 
2 
2 
Mean 
Square 
89.333 
123.111 
5.778 
61.905 
46.159 
F 
3.078 
1.988 
0.141 
2.465 
1.740 
ANOVA 
Sig. 
p-value 
0.053 
0.146 
0.869 
0.094 
0.184 
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Table 4-146: Comparison 
Diastolic B.P. 
Recording Times 
(LC, OC & OH) 
preoperative 
Vi hr after incision 
End of surgery 
1** postop day 
4 postop day 
of Diastolic B.P. among 3 groups by 
( I ) - ( J ) 
operation 
LC 
OH 
OH 
LC 
LC 
OH 
LC 
OH 
OH 
LC 
OH 
OH 
LC 
OH 
OH 
OC 
LC 
OC 
OC 
Hys 
OC 
OC 
LC 
OC 
OC 
LC 
OC 
OC 
LC 
OC 
Mean 
Difference 
(I-J) 
4.095* 
-2.476 
L619 
4.095 
4.286 
-0.190 
0.571 
-1.048 
-0.476 
3.333 
-2.381 
0.952 
2.952 
-1.238 
1.714 
P-
value 
0.050 
0.425 
1.000 
0.291 
.248 
1.000 
1.000 
1.000 
1.000 
Q.106 
0.387 
1.000 
0.205 
1.000 
0.856 
Bonferroni test 
95 % C.I.D. 
Lower 
Bound 
0.001 
-6.571 
-2.476 
-1.886 
-1.695 
-6.171 
-4.290 
-5.909 
-5.338 
-0.476 
-6.190 
-2.857 
-0.963 
-5.153 
-2.201 
Upper 
Bound 
8.190 
1.619 
5.714 
10.076 
10.267 
5.790 
5.433 
3.814 
4.386 
7.143 
1.428 
4.762 
6.868 
2.677 
5.630 
* The mean difference is significant at the 0.05 level. 
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4.4.4. MEAN ARTERIAL PRESSURE (MAP) RESPONSES 
4.4.4.1. Mean Arterial Pressure Changes during Laparoscopic Cholecystectomy 
The LC group comprised of 3 subgroups - normotensive (n=16), treated hypertensive 
(n=5) and combined (n=21). Mean arterial pressure response in each subgroup is 
herewith reported separately. 
4.4.4.1.1. MAP Changes in Normotensive Patients of the LC Group 
In the LC (normotensive) group (n=16) the pre-operative mean arterial pressure 
(M.A.P.) was 95.55 ± 0.749 mmHg (mean± SEM) increased to 105.95± 2.118 mmHg 
after half-an-hour start of surgery and this increase in M.A.P. was found statistically 
significant (p<0.001). At the end of surgery, value was noted 101.75± 1.481 mmHg 
which was also significantly higher than the preop value (p<0.05) (Table 4-147 and 4-
148). On 1st and 4th postoperative days, M.A.P. was recorded 94.569± 993 mmHg 
and 92.787± 1.194 mmHg respectively and both these values were found similar to 
the pre-operative value (p>0.05) (Table 4-147 and 4-148). 
Table 4-147: Mean Arterial Pressure Changes in LC Group (Normotensive) 
MAP 
Recording Times 
Preoperative. 
Vz hr after.incision 
End of surgery 
1** postop. day 
4* postop. day 
Mean MAP 
(mmHg) 
LC Group (Normotensive) 
95.55 
105.96 
101.75 
94.57 
92.79 
N 
16 
16 
16 
16 
16 
S.D. 
2.10 
8.473 
5.923 
3.973 
4.778 
S.E.M. 
0.749 
2.118 
1.481 
0.993 
1.194 
% 
chages 
~ 
-10.42 
-6.25 
1.04 
3.13 
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Table 4-148: Significance of MAP 
MAP 
Recording Times 
LC Group 
(Normotensive) 
MAP1-MAP2 
MAP1-MAP3 
MAP1-MAP4 
MAPI-MAPS 
Mean 
difference 
-10.406 
-6.200 
0.981 
2.763 
Changes in the LC Group (Normotensive) 
S.D. 
of 
Difference 
9.257 
6.761 
4.543 
5.567-4.43 
95 % CID 
Lower 
-15.339 
-9.803 
-1.440 
-0.204 
Upper 
-5.474 
-2.597 
3.402 
5.729 
t-
value 
-4.497 
-3.668 
.864 
1.985 
df 
15 
15 
15 
15 
Sig. 
(2-
tailed) 
p-value 
0.000 
0.002 
0.401 
0.066 
MAPl=preop; MAP2=l/2 hr after incision; MAP3=end of surgery; MAP4 & 
5=postop days 1 & 4; 
4.4.4.1.2. MAP Changes in Treated Hypertensive Patients of the LC Group 
In treated hypertensive patients of LC group (n=5), pre-operative baseline M. A.P. was 
recorded 105.88 ± 1.214mmHg (meant SEM) which increased to 122.040± 2.710 
mmHg and 111.720±1.303mmHg after half-an-hour after incision of surgery and at 
the end of surgery respectively. These increases in M.A.P. were found statistically 
significant (p<0.001) (Table 4-149 and 4-150). On 1st and 4th postoperative days, 
MAP was recorded 100.94± 3.197 mmHg and 100.96± 1.48 mmHg respectively and 
both these values were again proved significantly different from the pre-operative 
value (p<0.001) (Table 4-149 and 4-150). 
222 
RESULTS 
Table 4-149: MAP Changes in Treated Hypertensive Patients of LC Group 
MAP 
Recording 
Times 
Preoperative 
Vz hr after incision 
end of surgery 
l**postop day 
4* postop day 
Mean MAP 
(mmHg) 
LC Group (Hypertensive) 
105.88 
122.04 
111.72 
100.94 
100.96 
N 
5 
5 
5 
5 
5 
S.D. 
2.715 
6.060 
2.914 
3.125 
3.322 
S.E.M. 
1.214 
2.710 
1.303 
1 
1.397 
1.486 
% 
changes 
-
-15.09 
-5.66 
4.72 
4.72 
Table 4-150: Significance of MAP Changes in the LC Group (Hypertensive) 
MAP 
Self Pairing 
LC Group 
(Hypertensive) 
Difference 
of 
Means 
S.D. 
of 
Difference 
95 % CH) 
Lower Upper 
t-
value 
df P-
value 
MAP1-MAP2 -16.1600 4.558 -21.819 -10.501 -7.928 0.001 
MAP1-MAP3 -5.8400 1.812 -8.090 -3.590 -7.207 0.002 
MAPI - MAP4 4.9400 1.401 3.200 6.680 7.884 0.001 
MAPI - MAP5 4.9200 1.810 2.672 7.168 6.077 0.004 
MAPl=preop; MAP2=l/2 hr after incision; MAP3=end of surgery; MAP4 & 
5=postop days 1 & 4; 
4,4.4.1.3. MAP Changes in All Patients of the LC Group (Combined Group) 
Considering the LC group as a whole (n=21), the pre-operative baseline mean arterial 
pressure of 98.26 ±1.178 mmHg increased to 109.119± 2.357 mmHg after half-an-
hour start of surgery and this increase in MA. .P. was found statistically significant 
(p<0.001). At the end of surgery, the value was noted 103.429± 1.489 mmHg which 
was significantly different from preoperative value ^<0.00I) (Table 4-151 and 4-
152). On 1st and 4th postoperative days, M A P . was recorded 95.924± 1.020 mmHg 
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and 94.605± 1.232 mmHg respectively and both these values were statistically similar 
to the pre-operative value (p>0.05) (Table 4-151 and 4-152). 
Perioperative changes in MAP in LC group with comparison of three subgroups 
(>n'=Normotensive), HT=hypertensive and CG= combined group) are shown 
graphically in figure 4-20. 
Table 4-151: MAP Changes in All Patients of the LC Group (Combined) 
MAP 
Recording Times 
Preoperative. 
Vi hr after incision 
End of surgery. 
1** postop day 
4* postop day 
Mean MAP 
(mmHg) 
LC Group (Combined) 
98.262 
109.119 
103.429 
95.924 
94.606 
N 
21 
21 
21 
21 
21 
S.D. 
5.401 
10.802 
6.828 
4.676 
5.645 
S.E.M. 
1.178 
2.357 
1.490 
1.020 
1.232 
Table 4-152: Significance of MAP Changes in the LC Group (Combined) 
MAP 
Self Pairing 
LC Group 
(Combined) 
MAPI -MAP2 
MAP 1 - MAPS 
MAP 1 - MAP4 
MAP 1 - MAPS 
MAPl=preop; MAP 
Difference 
of 
Means 
-10.857 
-5.167 
2.338 
3.657 
2=1/2 hr after 
S.D. 
of 
Difference 
9.255 
6.077 
4.559 
5.021 
incision; MA] 
95 % CID 
Lower 
-15.07 
-7.933 
0.263 
1.372 
P3=end oi 
Upper 
-6.644 
-2.400 
4.413 
5.943 
f surgery, 
t-
value 
-5.376 
-3.896 
2.350 
3.338 
MAP4< 
df 
20 
20 
20 
20 
& 
P-
value 
<0.001 
<0.001 
0.029 
0.003 
5=postop days 1 & 4; 
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Figure 4-20: MAP Changes in the LC groups (Combined, Normo- & Hyper-tensive) 
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4.4.4,2. Mean Arterial Pressure Changes following Open Cholecystectomy 
The OC group comprised of 3 subgroups - normotensive (n=16), treated hypertensive 
(n=5) and combined (n=21). Mean arterial pressure response in each subgroup is 
herewith reported separately. 
4.4.4.2.1. MAP Changes in Normotensive Patients of the OC Group 
In the OC (Normotensive) group (n=16), the pre-operative mean arterial pressure 
(M.A.P.) was 92.36 ± 1.48mniHg (mean± SEM) which increased to 99.175± 1.504 
mmHg after half-an-hour after start of surgery and this increase in M.A.P. was found 
statistically significant (p<0.001). At the end of surgery, value was noted 98.488± 
.929 mmHg which again proved to be significantly different from baseline value 
(p<0.001) (Table 4-153 and 4-154). On 1st and 4th postoperative days, M.A.P. were 
recorded 91.631±1.051 mmHg and 9l.813± 1.2.894 mmHg respectively and both 
these values were proved similar to the pre-operative value (p=0.458, and 0.476 
respectively) (Table 4-153 and 4-154). 
Table 4-153: MAP Changes in Normotensive Patients of the OC Group 
MAP 
Recording Times 
Preoperative 
Vz hr after incision 
end of surgery 
1** postop day 
4* postop day 
Mean MAP 
(mmHg) 
LC Group 
(Normotensive) 
92.363 
99.175 
98.488 
91.631 
91.813 
N 
16 
16 
16 
16 
16 
S.D. 
5.909 
6.016 
3.716 
4.205 
4.836 
S.E.M. 
1.477 
1.504 
0.929 
1.051 
1.209 
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Table 4-154: Significance of MAP Changes in the OC Group (Normotensive) 
MAP 
Self Pairing 
OC Group 
(Normotensive) 
MAPI -MAP2 
MAP 1 - MAP3 
MAP 1 - MAP4 
MAP 1 - MAPS 
Difference 
of 
Means 
-6.813 
-6.125 
0.731 
0.550 
S.D. 
of 
Difference 
2.449 
3.672 
3.841 
3.010 
95 % CID 
Lower 
-8.118 
-8.082 
-1.315 
-1.054 
Upper 
-5.507 
-4.168 
2.778 
2.154 
t-
value 
-11.126 
-6.672 
0.762 
0.731 
df 
15 
15 
15 
15 
P-
value 
<0.001 
<0.001 
0.458 
0.476 
MAPl=preop; MAP2=l/2 hr after incision; MAP3=end of surgery; MAP4 & 
5=postop days 1 & 4; 
4.4.4.2.2. MAP Changes in Treated Hypertensive Patients of the OC Group 
In the treated hypertensive patients (n=5) of the OC group, pre-operative baseline 
mean arterial pressure (M.A.P.) was recorded 96.28 ± 2.078 mmHg (meant SEM) 
which increased to 110.40± 3.445mmHg and 105.86±1.55mniHg after half-an-hour of 
surgery and at the end of surgery respectively. These increases in MAP. were found 
statistically significant (p<0.05) (Table 4-155 & 4-156). On 1st and 4th postoperative 
days, mean arterial pressure was recorded 95.3± 1.37 mmHg and 94.64± .561mmHg 
respectively and both these values were statistically similar to pre-operative value 
(p>0.05) (Table 4-155 and 4-156). 
Table 4-155: MAP Changes in Treated Hypertensive Patients of OC Group 
MAP 
Recording time 
Preoperative. 
Vi hr after incision 
end of surgery 
1*' postop.day 
4* postop.day 
Mean MAP 
(mmHg) 
OC Group (Hypertensive) 
96.240 
110.400 
105.860 
95.300 
94.640 
N 
5 
5 
5 
5 
5 
S.D. 
4.648 
7.703 
3.462 
3.073 
1.256 
S.E.M. 
2.079 
3.445 
1.548 
1.374 
0.562 
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Table 4-156: Significance of MAP Clianges in the OC group (Hypertensive) 
MAP 
Self Pairing 
OC Group 
(Hypertensive) 
MAPI - MAP2 
MAPI - MAP3 
MAPI - MAP4 
MAPI - MAPS 
MAPl=preop; N 
Difference 
of 
Means 
-14.160 
-9.620 
0.940 
1.600 
[AP2=l/2hraJ 
S.D. 
of 
Difference 
5.384 
5.416 
2.024 
3.760 
95 % CID 
Lower 
-20.845 
-16.345 
-1.574 
-3.068 
Upper 
-7.475 
-2.895 
3.453 
6.268 
iter incision; MAP3=end of surger 
t-
value 
-5.88 
-3.972 
1.038 
0.952 
df 
4 
4 
4 
4 
y;MAP4& 
P-
value 
0.004 
0.017 
0.358 
0.395 
5=postop days 1 & 4; 
4.4.4.2.3. MAP Changes in All Patients of the OC Group (Combined Group) 
Considering the OC group as a whole (n=21), the pre-operative baseline mean arterial 
pressure (93.285 ±1.26 mmHg) increased to 101.848± 1.732 mmHg after half-an-
hour of surgery and this increase in M.A..P. was found statistically significant 
(p<0.001). At the end of surgery, value was noted 100.243± 1.489 mmHg wiiich again 
proved significantly different from preoperative value (p<0.001) (Table 4-157 and 4-
158). On 1** and 4* postoperative days, M.A.P. was recorded 92.505± .918 mmHg 
and 92.486± 0.961 mmHg respectively and both these values were not different 
statistically from the pre-operative value (p>0.05) (Table 4-157 and 4-158). 
Perioperative changes in MAP in OC group with comparison of three subgroups 
(NT=normotensive), HT=hypertensive and CG=combmed group) are gr^hically 
shown in figure 4-21. 
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Table 4-157: MAP Changes in All Patients of the OC Group (Combined) 
MAP 
Recording Times 
Preoperative 
Half hr after incision 
End of surgery 
1** postop day 
4 postop day 
Mean MAP 
(mmHg) 
OC Group (combined) 
93.286 
101.848 
100.243 
92.505 
92.486 
N 
21 
21 
21 
21 
21 
S.D. 
5.777 
7.938 
4.807 
4.209 
4.402 
S.E.M. 
1.261 
1.732 
1.049 
0.918 
0.961 
Table 4-158: Significance of MAP Changes in the OC Group (Combined) 
MAP 
Self Pairing 
OC Group 
(combined) 
MAPl-
MAP2 
MAPl-
MAP3 
MAPl-
MAP4 
MAPl-
MAP5 
Difference 
of 
Means 
-8.562 
-6.957 
0.781 
0.800 
S.D. 
of 
Difference 
4.536 
4.279 
3.448 
3.136 
95%CID 
Lower 
-10.627 
-8.9054 
-0.789 
-0.627 
Upper 
-6.497 
-5.010 
2.351 
2.227 
t-
value 
-8.65 
-7.45 
1.038 
1.169 
df 
20 
20 
20 
20 
Sig. 
(2-
tailed) 
p-value 
<0.001 
<0.001 
0.312 
0.256 
MAPl=preop; MAP2=l/2 hr after incision; MAP3=end of surgery; MAP4 & 
5=postop days 1 & 4; 
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Figure 4-21: MAP Changes in the OC groups (Combined, Normo- & Hyper-tensive) 
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4.4.4.3. MAP Changes following Open Abdominal Hysterectomy 
The OH group comprised of 3 subgroups ~ normotensive (n=15), treated hypertensive 
(n=6) and combined (n=21). Mean arterial pressure response in each subgroup is 
herewith reported separately. 
4.4.4.3.1. MAP Changes in Normotensive Patients of the OH Group 
In normotensive subgroup (n=15) the pre-operative mean arterial pressure (MAP.) 
was 93.1 ± 1.44mmHg (mean± SEM) increased to 98.15± 1.24 mmHg after half-an-
hour start of surgery and this increase in M.A.P. was found statistically significant 
(p<0.001). At the end of surgery, value noted was 96.96± 1.08 mmHg which again 
proved significantly different fi^om baseline value (p<0.05) (Table 4-159 and 4-160). 
On 1st postoperative day, MAP. was recorded 91.21.±1.44 mmHg which was 
significantly different from pre-operative value (p<0.05)) (Table 4-159 and 4-160). 
Mean arterial pressure at 4* postoperative day (92.6± 1.51 mmHg) became similar to 
preoperative value (p>0.05). 
Table 4-159: Mean values of MAP in OH group) (Normotensive) 
MAP Recording time 
I. Preoperative. 
2. Half hr after incision 
3. End of surgery. 
4. 1^ postop day 
5. 4* postop day 
Mean 
93.1800 
98.7533 
96.9667 
91.2133 
92.6200 
N 
15 
15 
15 
15 
15 
Std. 
Deviation 
5.56189 
4.79045 
4.17127 
5.51503 
6.04887 
Std. Error Mean 
1.43607 
1.23689 
1.07702 
1.42397 
1.56181 
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Table 4-160: Statistical differences in MAP in OH group (Normotensive) 
s. 
No. 
1 
2 
3 
4 
MAPI 
MAP mmHg 
inOH 
(Normotensive 
)Pairing 
MAP1-MAP2 
MAP1-MAP3 
MAP1-MAP4 
MAP1-MAP5 
-preop; MAP2=1/ 
Difference 
of Mean 
-5.573 
-3.787 
1.967 
0.560 
2 hr after incis 
Difference 
ofS.D. 
3.618 
4.728 
2.209 
5.929 
95%CID 
upper 
-3.570 
-1.169 
3.190 
3.843 
ion; MAP3=end of sur 
lower 
-5.966 
-3.102 
3.448 
.366 
df 
14 
14 
14 
14 
gery: MAP4 & 
P-
value 
<0.001 
0.008 
0.004 
0.720 
5=postop days 1 & 4; 
4.4.4.3.2. MAP Changes in Treated HypertensivePatients of the OH Group 
In the treated hypertensive patients (n=6) of the Open Hysterectomy group, pre-
operative baseline mean arterial pressure (M.A.P.) was 101.45 ± 2.88 mmHg (mean± 
SEM) which increased to 109.067±4.09mmHg after half-an-hour after incision 
(p<0.001). At the end of surgery, mean value was noted 104.233±3.38 mmHg which 
was found similar to the pre-operative value (Table 4-161 & 4-162). On 1st and 4th 
postoperative days, MAP were recorded 98.65± 2.05 mmHg and 98.22± 1.98nmiHg 
respectively, both these values were not significant statistically (p>.05) (Table 4-161 
and 4-162). 
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Table 4-161: MAP Changes in Treated Hypertensive Patients of OH Group 
MAP 
Recording Times 
Preoperative. 
Half hr after incision 
End of surgery. 
1** postop day 
4* postop day 
Mean MAP 
(mmHg) 
OH group (Hypertensive) 
101.450 
109.067 
104.233 
98.650 
98.2167 
N 
6 
6 
6 
6 
6 
S.D. 
7.046 
10.031 
8.281 
5.026 
4.853 
S.E.M. 
2.877 
4.095 
3.381 
2.052 
1.981 
Table 4-162: Significance of MAP Changes in the OH Group (Hypertensive) 
MAP 
Self Pairing 
OH Group Combined 
MAP1-MAP2 
MAP1-MAP3 
MAP1-MAP4 
MAP1-MAP5 
Mean 
difference 
-7.617 
-2.783 
2.800 
3.233 
S.D. 
of 
Difference 
4.568 
4.628 
2.936 
4.053 
95 % cro 
Lower 
-12.410 
-7.640 
-.281 
-1.020 
Upper 
-2.823 
2.073 
5.881 
7.487 
t-
value 
-4.085 
-1.473 
2.336 
1.954 
df 
5 
5 
5 
5 
P-
value 
0.009 
0.201 
0.067 
0.108 
5=postop days 1 & 4; 
4.4.4.3.3. Combined Groups 
After considering the OH group as whole (n=21) pre-operative baseline mean arterial 
pressure (95.54 ±1.52 mmHg) increased to 101.70±1.75 mmHg after half-an-hour of 
surgery and this increase in M. A.P. was found statistically significant (p<0.05). At the 
end of surgery, value noted was 99.04± 1.39 mmHg and on 1st postoperative day 
value recorded was 93.35± 1.37mmHg both of these values were statistically 
different from preoperative value (p<0.05) (Table 4-163 and 4-164). On 4th 
postoperative day, M.A.P. recorded was 94.22± 1.35 nrniHg which was statistically 
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similar (p>0.05) to pre-operative value as the surgical strain was over (Table 4-163 
and 4-164). 
Perioperative changes in MAP in OH group v^th comparison of three subgroups 
(NT=normotensive), HT=hypertensive and CG=combined group) are shown in figure 
4-22. 
Table 4-163: Changes in MAP during perioperative period in OH (Combined) 
group 
MAP Recording time 
OH (Combined) 
1. Preoperative. 
2. Half hr after incision 
3. End of surgery. 
4.1** postop day 
5.4**" postop day 
Mean 
95.5429 
101.7000 
99.0429 
93.3524 
94.2190 
N 
21 
21 
21 
21 
21 
Std. 
Deviation 
6.980 
8.001 
6.375 
6.286 
6.182 
Std. Error 
Mean 
1.52318 
1.746 
1.391 
1.372 
1.349 
Table 4-164: Statistical differences in MAP in OH (Combined) group 
MAP in OH 
(Combined) 
Self Pairing 
Mean 
difference 
S.E.M 
difference 
95 % CID 
Lower Upper 
t-
value 
df P-
value 
MAPI-MAPI -6.157 0.853 -7.936 -4.378 -7.220 20 <0.001 
MAP1-MAP3 -3.500 1.005 -5.597 -1.403 -3.482 20 0.002 
MAP1-MAP4 2.190 0.525 1.096 3.285 4.175 20 <0.001 
MAP1-MAP5 1.324 1.200 •1.179 3.827 1.103 20 0.283 
MAPl=preop; MAP2=l/2 hr after incision; MAP3=end of surgery; 
& 5=postop days 1 & 4; 
MAP4 
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Figure 4-22: Comparative MAP changes in OH (combined, normo-& hypertensive) 
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4.4.4.4. Comparison of Mean Arterial Pressure Changes between LC & OC 
The baseline preoperative MAP value was not comparable between LC and OC 
groups indicating unequal preoperative stress occurred to both groups. Following half 
an hour of surgery, statistically significant differences were continued between two 
groups (p<0:05). However, at the end of surgery, MAP became similar (p>0.05). In 
the postoperative period dayl, surgical trauma was significantly different (p<0.05), as 
the stress response was subdued but continued in the conventional group, it returned 
towards normal in laparoscopic group (Table 4-165). At 4th postoperative day, 
surgical stress became equal in both the laparoscopic and conventional groups. 
Table 4-165: Comparison of MAP Changes between LC & OC Groups 
MAP 
Time Points. 
(LC vs. OC) 
Pre-operative 
V% hr after incision 
End of operation. 
l^'post op day 
4* post op day 
F 
0.09 
2.92 
5.52 
0.60 
1.18 
t 
2.88 
2.49 
1.75 
2.49 
1.36 
df 
40 
40 
40 
40 
40 
P-
value 
0.006 
0.017 
0.088 
0.017 
0.183 
95 % CID 
Lower 
1.49 
1.36 
-0.50 
0.64 
-1.05 
Upper 
8.46 
13.18 
6.87 
6.19 
5.28 
4.4.4.5. Comparison of Mean arterial pressure Changes between LC & OH 
The baseline preoperative MAP was comparable between two groups. However, 
following half an hour start of surgery and at the end of surgery, variable stress 
response was noted, which was statistically significant (p<0.05) in both groups. 
Decrease in elevated mean arterial pressure in Open Hysterectomy group was noted 
but MAP was still elevated in LC group (Table 4-166). 
In the postoperative period days 1 and 4, MAP was statistically same (p>0.05) 
between two groups (Table 4-166), indicating equal stress in both the groups. 
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Table 4-166: Comparison of MAP Changes between LC & OH Groups 
MAP 
Recording time 
(LC vs. OH) 
Pre-operative 
V% hr after incision 
End of operation. 
l^'post op day 
4* post op day 
F 
0.708 
3.362 
0.976 
1.264 
0.062 
t 
1.412 
2.529 
2.152 
1.504 
0.211 
df 
40 
40 
40 
40 
40 
p-value 
0.166 
0.015 
0.038 
0.140 
0.834 
Mean 
Difference 
2.719 
7.419 
4.386 
2.571 
0.386 
95 % cro 
Lower 
-1.173 
1.490 
0.266 
-0.88 
-3.306 
Upper 
6.612 
13.348 
8.505 
6.027 
4.078 
4.4.4.6. Comparison of Mean Arterial Pressure Changes between OC vs. OH 
The preoperative baseline value was foud comparable (p=0.260) between two groups 
(OC and OH) (Table 4-167). The values were observed comparable at half an hour 
after start of surgery, at the end of surgery, at 1st postoperative day and at 4th 
postoperative day (p= 0.952, 0.495, 0.610 and 0.302 respectively) between the two 
groups. Therefore, the stress response followed the similar pattern of changes in mean 
arterial pressure in both type of conventional surgery in the perioperative period 
(Table 4-167). 
Table 4-167; Comparison of MAP Changes between OC & OH Groups 
MAP 
Recording Times 
{OC vs. OH) 
Pre-operative 
¥i hr after incision 
end of sui^ery 
l'*postop day 
4* postop day 
F 
0.514 
0.066 
0.829 
3.103 
1.602 
t 
-1.14 
0.060 
0.689 
-0.513 
-1.05 
df 
40 
40 
40 
40 
40 
P-
value 
0.260 
0.952 
0.495 
0.610 
0.302 
Mean 
Difference 
-2.257 
.148 
1.200 
-.848 
-1.733 
95 % CXJi. 
Lower 
-6.253 
-4.823 
-2.321 
-4.184 
-5.080 
Upper 
1.739 
5.118 
4.721 
2.489 
1.614 
— 
4.4.4.7. Com^2ithQn of MAP Changes among LC, OC & OH Groups 
Mean arterial pressure at preoperative stage was similar in the three groups (ANOVA: 
p=0.995). However significant differences in mean arterial pressures were observed 
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half an hour after start of surgery among groups. These changes were statistically 
significant (p<0.05) (Table 4-168). On multiple comparisons by Bonferroni test the 
changes were significant between laparoscopic cholecystectomy vs. open 
cholecystectomy and laparoscopic cholecystectomy vs. open abdominal hysterectomy 
groups, though there was an insignificant change between open cholecystectomy and 
open hysterectomy groups (Table 4-169). Following completion of surgery, 
comparable changes in mean arterial pressure was noted among groups. 
On 1st and 4th postoperative days (p>0.05), the increased mean arterial pressure 
returned to near normal preoperative value in the three groups (Table 4-168 and 4-
169). 
Perioperative changes in MAP among LC, OC, and OH groups are depicted 
graphically in figure 4-23. 
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Table 4-168: Comparison of MAP Changes among 3 Groups by ANOVA 
MAP 
Time Points 
(LC,OC & OH) 
Preoperative 
Vx hr after incision 
end of surgery 
1^ postop day 
4* postop day 
Sum of 
Squares 
260.753 
755.564 
215.763 
133.144 
53.505 
df 
2 
2 
2 
2 
2 
Mean 
Square 
130.376 
377.782 
107.881 
66.572 
26.753 
F 
3.515 
4.650 
2.933 
2.525 
.897 
ANOVA 
Sig. 
p-value 
0.036 
0.013 
0.061 
0.089 
0.413 
Table 4-169: Comparison 
MAP 
Time Points 
(LC, OC & OH ) 
Preop 
1/2 an hr. after incision 
End of surgery 
1** postop day 
4* postop day 
of MAP Changes in 3 Groups by Bonferroni test 
( I ) ~ ( J ) 
groups 
LC 
OH 
OH 
LC 
OH 
OH 
LC 
OH 
OH 
LC 
OH 
OH 
LC 
OH 
OH 
OC 
LC 
OC 
OC 
LC 
OC 
OC 
LC 
OC 
OC 
LC 
OC 
OC 
LC 
OC 
Mean 
Difference 
(I-J) 
4.976' 
-2.719 
2.257 
7.271' 
-7.419' 
-.147 
3.186 
-4.386 
-1.200 
3.419 
-2.571 
0.848 
2.119 
-0.387 
1.733 
p-value 
0.031 
0.460 
0.703 
0.034 
0.029 
1.000 
0.282 
0.067 
1.000 
0.105 
0.330 
1.000 
0.640 
1.000 
0.923 
95 % C.LD. 
Lower 
0.347 
-7.348 
-2.372 
.4206 
-14.27 
-6.998 
-1.424 
-8.996 
-5.810 
-0.484 
-6.474 
-3.055 
-2.032 
-4.536 
-2.417 
Upper 
9.605 
1.910 
6.886 
14.122 
-0.568 
6.703 
7.796 
0.224 
3.410 
7.322 
1.331 
4.750 
6.270 
3.765 
5.884 
*. The mean difference is significant at the 0.05 level. 
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Figure 4-23: Comparative MAP Changes among LC, OC & OH (Hys) Groups 
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4.5. PART C: BIOCHEMICAL RESPONSE IN NT VS. HT 
GROUPS 
The serum concentrations of various biomarkers were determined and compared 
between normotensive and treated hypertensive patients in the three groups (LC, OC 
and OH) of the present study. The values were computed by the independent sample 
t-test (unpaired t-test). 
4.5.1. Comparisons: Normotensive vs. Hypertensive Patients in LC Group 
The six serum biomarkers - serum glucose, Cortisol, epinephrine, norepinephrine, C-
reactive protein and tumour necrosis factor alpha were critically analyzed and 
compared between normotensive and hjqjertensive patients of the laparoscopic 
cholecystectomy group, and the comparative results so obtained are presented 
herewith individually with respect to each biomarker in a tabular as well as graphical 
forms.. 
4.5.1.1. Serum Glucose in LC group: Normotensive vs. Hypertensive 
Concentrations of serum glucose were found slightly higher in hypertensive group at 
all the time points except on the 1^  postop day; however, there was statistically no 
significant difference between two groups at any time point, including the difference 
on I'* postop day (Table 4-170 and 4-171). 
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Table 4-170: s-Glucose in normotensive & hypertensive patients of LC 
s-Glucose 
LC Group 
Normotensive vs. Hypertensive 
Preoperative 
1/2 hr after incision 
End of surgery 
1st postoperative 
day 
4th postoperative 
day 
Normotensive 
Hypertensive 
Nonnotensive 
Hypertensive 
Nonnotensive 
Hypertensive 
Nonnotensive 
Hypertensive 
Nonnotensive 
Hypertensive 
N 
16 
5 
16 
5 
16 
5 
16 
5 
16 
5 
Mean 
Serum Glucose 
(mg/dL) 
94.438 
105.600 
151.063 
167.000 
156.188 
156.600 
98.688 
98.200 
96.875 
100.000 
S.D. 
9.986 
19.920 
14.012 
19.468 
10.864 
19.437 
8.412 
11.054 
8.625 
15.281 
S.E.M. 
2.497 
8.908 
3.503 
8.706 
2.716 
8.692 
2.103 
4.944 
2.156 
6.834 
Table 4-171: Significance of: 
s-Glucose 
LC Group 
Normotensive vs. 
Hypertensive 
Preoperative 
1^ hr after incision 
Endofsui^ery 
1st postop day 
4th postop day 
;-Glucose changes in LC group: NT vs. HT 
t-test for Equality of Means 
t 
-1.710 
-2.030 
-0.061 
0.105 
-0.587 
df 
19 
19 
19 
19 
19 
Sig. 
(2-tailed) 
p-value 
0.103 
0.057 
0.952 
0.917 
0.564 
—if-
Mean 
Difference 
-11.163 
-15.938 
-0.413 
0.488 
-3.125 
Std. Error 
Difference 
6.527 
7.851 
6.733 
4.628 
5.322 
95 % CID 
Lower 
-24.823 
-32.369 
-14.506 
-9.199 
-14.263 
Upper 
2.498 
0.494 
13.681 
10.174 
8.013 
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4.5.1.2. s-Cortisol: Normotensive vs. Hypertensive Patients in LC 
Serum Cortisol concentrations were found slightly higher in the hypertensive group 
than in the normotensive groups throughout the intra-operative and post-operative 
period but there was no statistical difference (p>0.05) between the two groups at any 
of the time points (Tables 4-172 and 4-174). 
Table 4-172: s-Cortisol in normotensive & hypertensive patients of LC 
Serum Cortisol 
LC group 
Normotensive vs. Hypertensive 
Preoperative 
1/2 hr after incision 
End of surgery 
1st postop day 
4th postop day 
Normotensive 
Hypertensive 
Normotensive 
Hypertensive 
Normotensive 
Hypertensive 
Normotensive 
Hypertensive 
Normotensive 
Hypertensive 
N 
16 
5 
16 
5 
16 
5 
16 
5 
16 
5 
Mean 
s-Cortisol 
(nmol/L) 
408.063 
470.800 
578.875 
622.800 
690.125 
777.200 
421.125 
498.200 
310.063 
315.000 
S.D. 
106.306 
156.919 
104.474 
144.405 
129.817 
157.977 
100.268 
105.030 
60.104 
59.582 
S.E.M. 
0.315 
0.461 
0.227 
0.154 
0.874 
25.067 
46.970 
15.026 
26.646 
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Table 4-173: Significance 
s-Cortisol 
LC Group 
Normotensive vs. 
Hypertensive 
Preoperative 
1/2 hr after incision 
End of surgery 
1st postop day 
4th postop day 
of s-Cortisol chang es in LC group: NT vs .HT 
t-test for Equality of Means 
t 
-1.031 
-.752 
-1.248 
-1.485 
-0.161 
df 
19 
19 
19 
19 
19 
Sig. 
p-value 
0.315 
0.461 
0.227 
0.154 
0.874 
Mean 
Difference 
-62.738 
-43.925 
-87.075 
-77.075 
-4.938 
Std. 
Error 
Difference 
60.850 
58.433 
69.797 
51.895 
30.738 
95 % CID 
Lower 
-190.10 
-166.23 
-233.16 
-185.69 
-69.27 
Upper 
64.62 
78.38 
59.01 
31.54 
59.40 
4.5.13. s-Epinephrine: Normotensives vs. Hypertensives in LC group 
Serum epinephrine pre-operative concentrations were similar in normotensive and 
treated hypertensive patients of the LC group. Higher concentrations were recorded in 
the hypertensive group than in the normotensive group but the differences were not 
found statistically significant (p>0.05) at any of the study time points (Table 4-174 
and 4-175). 
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Table 4-174: s-Epinephrine in normotensive & hypertensive patients of LC 
s-Epinephrine 
LC group 
Normotensive vs. Hypertensive 
Preoperative 
1/2 hr after incision 
Endofsui^ery 
1** postop day 
4* postop day 
Normotensive 
Hypertensive 
Normotensive 
Hypertensive 
Normotensive 
Hypertensive 
Normotensive 
Hypertensive 
Normotensive 
Hypertensive 
N 
16 
5 
16 
5 
16 
5 
16 
5 
16 
5 
Mean 
0.289 
0.290 
0.520 
0.586 
0.794 
0.980 
0.346 
0.448 
0.231 
0.268 
S.D. 
0.122 
0.101 
0.188 
0.206 
0.241 
0.196 
0.147 
0.082 
0.061 
0.052 
S.E.M. 
0.030 
0.045 
0.047 
0.092 
0.060 
0.088 
0.037 
0.037 
0.015 
0.023 
Table 4-175: Significance of s-Epinephrine changes in LC: NT vs. HT 
hrine 
LC Group 
Normotensive vs. 
Hypertensive 
Preoperative 
1/2 hr after incision 
End of sui^ery 
1st postop day 
4th postop day 
t-test for Equality of Means 
t 
-0.01 
-0.67 
-1.57 
-1.46 
-1.21 
df 
19 
19 
19 
19 
19 
Sig. 
(2-tailed) 
p-value 
0.992 
0.510 
0.134 
0.161 
0.243 
Mean 
Difference 
0 
-0.066 
-0.186 
-0.102 
-0.037 
Std. Error 
Difference 
0.060 
0.098 
0.119 
0.070 
0.030 
95 % CD) 
Lower 
-.127 
-.272 
-.435 
-.248 
-.101 
Upper 
.126 
.140 
.063 
.044 
.027 
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4.5.1.4. s-Norepinephrine: Normotensives vs. Hypertensives in LC 
Serum norepinephrine concentrations were found slightly lower in the hypertensive 
patients than those seen in the normotensive patients of the LC group except at the 
end of surgery when it was slightly higher in the hypertensive group as compared to 
. However, the intergroup differences were not found 
of the five time points (Table 4-176 and 4-
the normotensive group 
statistically significant (p>0.05) at any 
177). 
Table 4-176: s-Norepinephrine in normo- & hyp 
s-Norepinephrine 
LC Group 
Normotensive vs. Hypertensive 
Preoperative 
1/2 hr after incision 
End of surgery 
1** postop day 
4* postop day 
Normotensive 
Hypertensive 
Normotensive 
Hypertensive 
Normotensive 
Hypertensive 
Normotensive 
Hypertensive 
Normotensive 
Hypertensive 
N 
16 
5 
16 
5 
16 
5 
16 
5 
16 
5 
er-tensive patients o 
Mean 
2.363 
1.794 
3.762 
3.082 
4.715 
5.128 
2.884 
2.216 
1.950 
1.740 
Std. 
Deviation 
0.893 
0.360 
0.984 
1.203 
1.111 
0.695 
1.373 
0.392 
0.739 
.615 
fLC 
Std. Error 
Mean 
0.223 
0.161 
0.246 
0.538 
0.278 
0.311 
0.343 
0.175 
0.185 
0.275 
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Table 4-177: Significance of s-Norepinephrine changes in LC: NT vs. HT 
s-Norepinephrine 
LC group 
Normotensive vs. 
Hypertensive 
Preoperative 
1/2 hr after incision 
End of surgery 
1st postop day 
4tii postop day 
t-test for Equality of Means 
t 
1.370 
1.283 
-0.77 
1.057 
y.573 
df 
19 
19 
19 
19 
19 
Sig. 
p-value 
0.187 
0.215 
0.447 
0.304 
0.573 
Mean 
Difference 
0.569 
0.680 
-0.413 
0.668 
0.210 
Std. 
Error 
Difference 
0.415 
0.530 
0.531 
0.632 
0.366 
95 % CID 
Lower 
-0.300 
-0.429 
-1.525 
-0.655 
-0.557 
Upper 
1.439 
1.789 
0.699 
1.990 
0.977 
4.5.1.5. CRP: Normotensive vs. Hypertensive Patients in LC Group 
Senim CRP concentrations were recorded higher in the hypertensive patients than 
those seen in the normotensive patients in the LC group throughout the peri-operative 
period. However, intergroup differences were statistically not significant (p>0.05) at 
any of the time points in the study (Table 4-178 and 4-179). 
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Table 4-178; CRP in normotensive & hypertensive patients of LC 
s-CRP 
LC group 
Normotensive vs. Hypertensive 
Preop 
1^ hr after incision 
End of surgery 
1st postop day 
4th postop day 
Normotensive 
Hypertensive 
Normotensive 
Hypertensive 
Normotensive 
Hypertensive 
Normotensive 
Hypertensive 
Normotensive 
Hypertensive 
N 
16 
5 
16 
5 
16 
5 
16 
5 
16 
5 
Mean 
8.048 
21.364 
14.556 
17.932 
15.545 
21.700 
36.497 
46.336 
40.507 
41.416 
Std. 
Deviation 
7.716 
15.859 
13.474 
13.749 
11.182 
13.222 
16.054 
2.229 
8.797 
3.974 
Std. Error 
Mean 
1.929 
7.092 
3.369 
6.149 
2.796 
5.913 
4.014 
.997 
2.199 
1.777 
Table 4-179: Significance of CRP changes in LC Group: NT vs. HT 
s-CRP 
LC Group 
Normotensive vs. 
Hypertensive 
Preoperative 
1/2 hr after incision 
End of surgery 
1st postop day 
4th postop day 
t-test for Equality of Means 
t 
-2.600 
-.487 
-1.032 
-1.343 
-.221 
df 
19 
19 
19 
19 
19 
Sig. 
p-value 
0.018 
0.632 
0J15 
0.195 
0.827 
Mean 
Difference 
-13.316 
-3.375 
-6.155 
-9.839 
-0.909 
Std. 
Error 
Difference 
5.122 
6.933 
5.964 
7.327 
4.112 
95 % CID 
Lower 
-24.037 
-17.886 
-18.638 
-25.175 
-9.516 
Upper 
-2.595 
11.137 
6.328 
5.497 
7.698 
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4.5.1.6. s-TNF-o: Normotensive vs. Hypertensive Patients in LC 
Pre-operative serum concentrations of TNF-alpha were recorded higher in the 
normotensive group than in the hypertensive group in the LC category though 
statistically insignificant (p>0.05). TNF-alpha expressions in the initial intra-operative 
period (at half an hour after incision) and in the late post-operative period (4th postop 
day) were found higher in the hypertensive group as compared to the normotensive 
group, but TNF-alpha expressions were found paradoxically higher in the 
normotensive group as compared to the hypertensive group at the end of surgery as 
well as on the 1st postop day. However, the intergroup differences in the TNF-alpha 
expression were found insigniftcant (p>0.05) on statistical analysis at all the time 
points (Table 4-180 and 4-181). 
Table 4-180: TNF-a in normotensive & hypertensive patients of LC group 
Serum TNF-alpha 
LC group 
Normotensive vs. Hypertensive 
Preoperative 
Ifl hr after incision 
End of surgery 
1st postop day 
4th postop day 
Normotensive 
Hypertensive 
Normotensive 
Hypertensive 
Normotensive 
Hypertensive 
Normotensive 
Hypertensive 
Normotensive 
H3^ertensive 
N 
16 
5 
16 
5 
16 
5 
16 
5 
16 
5 
Mean 
14.921 
0.084 
6.329 
23.124 
17.262 
9.236 
6.486 
0.740 
20.043 
32.792 
Std. 
Deviation 
27.969 
.188 
17.875 
51.707 
31.399 
20.652 
15.874 
1.655 
74.308 
62.696 
Std. Error 
Mean 
6.992 
0.084 
4.469 
23.124 
7.850 
9.236 
3.969 
0.740 
18.577 
28.038 
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Table 4-181: Significance of TNF-o Changes in LC group: NT vs. HT 
Serum TNF- a 
LC Group 
Normotensive vs. 
Hypertensive 
Preoperative 
1/2 hr after incision 
End of surgery 
1st postop day 
4th postop day 
t-test for Equality of Means 
t 
1.165 
-1.148 
0.532 
0.794 
-0.346 
df 
19 
19 
19 
19 
19 
Sig. 
(2-tailed) 
p-value 
0.258 
0.265 
0.601 
0.437 
0.734 
Mean 
Difference 
14.837 
-16.795 
8.026 
5.746 
-12.749 
Std. Error 
Difference 
12.732 
14.628 
15.096 
7.237 
36.899 
95 % CID 
Lower 
-11.811 
-47.411 
-23.570 
-9.401 
-89.979 
Upper 
41.485 
13.821 
39.622 
20.893 
64.482 
4.5.1.7. Graphic Comparisons of Serum Biomarkers in LC Group 
Comparative changes in mean value of glucose, Cortisol, epinephrine, norepinephrine, 
C-reactive protein and tumor necrosis factor alpha among normotensive, hypertensive 
and combined subgroups of laparoscopic surgery group (LC) during the perioperative 
period are graphically depicted in the following figures on next few pages pages 
(Figure 4-24 to 4-29). 
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Figure 4-29: TNF-alpha Changes in LC (Combined, Normo- & Hyper-tensive) 
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4.5.2. Comparison: Normotensive vs. Hypertensive Patients in OC group 
The six serum biomarkers - serum glucose, Cortisol, epinephrine, norepinephrine, C-
reactive protein and tumour necrosis factor alpha were critically analyzed and 
compared between normotensive and hypertensive patients of the open 
cholecystectomy (OC) group, and the comparative results so obtained are presented 
herewith individually with respect to each biomarker in a tabular as well as graphical 
forms. 
4.5.2.1. Serum Glucose: Normotensive vs. Hypertensive Patients in OC 
Preoperative serum glucose levels in the OC group were comparable in the two 
groups - Hypertensive & Normotensive. Glucose levels were recorded significantly 
higher (p<0.05) throughout the intraoperative period in the hypertensive patients as 
compared to the normotensive patients. However, glucose levels in the postoperative 
period were slightly higher in the normotensive group as compared to the 
hypertensive group but this was found statistically insignificant (p>0.05) (Table 4-182 
7 4-183). 
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Table 4-182: Serum Glucose: Normotensives vs. Hypertensives of OC 
s- Glucose 
LC Group 
Normotensive vs. Hypertensive 
Preoperative 
1/2 hr after incision 
Endof sui^ery 
1st postoperative 
day 
4tli postoperative 
day 
Normotensive 
Hypertensive 
Normotensive 
Hypertensive 
Normotensive 
Hypertensive 
Normotensive 
Hypertensive 
Normotensive 
Hypertensive 
N 
16 
5 
16 
5 
16 
5 
16 
5 
16 
5 
Mean 
Serum Glucose 
(mg/dL) 
97.125 
94.000 
139.938 
157.200 
144.813 
160.800 
124.750 
123.200 
113.750 
108.000 
S.D. 
10.436 
9.274 
11.975 
16.362 
10.833 
15.255 
5.092 
2.775 
6.537 
6.892 
S.E.M. 
2.609 
4.147 
2.994 
7.317 
2.708 
6.822 
1.273 
1.241 
1.634 
3.082 
Table 4-183: Significance of s-GIucose changes in OC group: NT vs. HT 
s-Glucose 
OC Group 
Normotensive vs. 
Hypertensive 
Preoperative 
1/2 hr after incision 
End of surgeiy 
1st postop day 
4th postop day 
t-test for Equality of Means 
t 
.598 
-2.587 
-2.622 
.644 
1.697 
df 
19 
19 
19 
19 
19 
Sig. 
(2-taUed) 
p-value 
0.557 
0.018 
0.017 
0.528 
0.106 
Mean 
Difference 
3.125 
-17.263 
-15.988 
1.550 
5.750 
Std. Error 
Difference 
5.227 
6.672 
6.098 
2.408 
3.388 
95 % CID 
Lower 
-7.8158 
-31.226 
-28.750 
-3.491 
-1.342 
Upper 
14.066 
-3.299 
-3.225 
6.591 
12.842 
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4.5.2.2. Serum Cortisol: Normotensive vs. Hypertensive Patients in OC 
Preoperative serum Cortisol level was found higher in the normotensive group but it 
was statistically not different from the hypertensive group (p>0.05). However serum 
Cortisol values were found higher during intra-operative and post-operative periods in 
the hypertensive group as compared to the normotensive group but the value was 
statistically different only at the end of surgery (p<0.01) (Table 4-184 and 4-185). 
Table 4-184: Serum Cortisol: Normotensives vs. Hypertensives of OC 
s-Cortisol 
OC Group 
Normotensive vs. Hypertensive 
Preoperative 
1/2 hr after incision 
End of surgery 
1st postoperative 
day 
4th postoperative 
day 
Normotensive 
Hypertensive 
Normotensive 
Hypertensive 
Normotensive 
Hypertensive 
Normotensive 
Hypertensive 
Normotensive 
Hypertensive 
N 
16 
5 
16 
5 
16 
5 
16 
5 
16 
5 
Mean 
Serum Cortisol 
(rag/dL) 
345.250 
329.400 
614.125 
680.600 
739.563 
915.800 
588.563 
618.200 
490.500 
502.400 
S.D. 
98.151 
96.560 
122.150 
92.268 
125.338 
50.261 
121.783 
166.693 
125.934 
88.543 
S.E.M. 
24.538 
43.183 
30.537 
41.263 
31.334 
22.478 
30.446 
74.548 
31.484 
39.597 
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Table 4-185: Significance of s-Cortisol changes in OC group: NT vs. HT 
s-Cortisol 
OC group 
Normotensive vs. 
Hypertensive 
Preoperative 
1/2 hr after incision 
Endof sui^ery 
1st postop day 
4th postop day 
t-test for Equality of Means 
t 
0.316 
-1.11 
-3.03 
-0.45 
-0.20 
df 
19 
19 
19 
19 
19 
Sig. 
(2-
tailed) 
P-
value 
0.755 
0.279 
0.007 
0.667 
0.847 
Mean 
Difference 
15.850 
-66.475 
-176.238 
-29.638 
-11.900 
Std. 
Error 
Difference 
50.117 
59.687 
58.268 
67.891 
60.991 
95 % CID 
Lower 
-89.05 
-191.40 
-298.20 
-171.73 
-139.56 
Upper 
120.746 
58.452 
-54.280 
112.459 
115.756 
4.5.2 J. Serum Epinephrine: Normotensives vs. Hypertensives in OC group 
Serum epinephrine concentrations were slightly higher in the hypertensive group as 
compared to the normotensive group in the OC category from preoperative time to the 
1** postop day but the intergroup differences were not significantly different at any 
time throughout this period (p>0.05). However, epinephrine levels in serum were 
slightly higher on the 4* day in the normotensive group as compared to the 
hypertensive group but the difference between the two groups was not significant 
statistically (p>0.05) (Table 4-186 & 4-187). 
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Table 4-186; Serum epinephrine: Normotensives vs. Hypertensives of OC 
s- Epinephrine 
OC Group 
Normotensive vs. Hypertensive 
Preoperative 
1/2 hr after incision 
End of surgery 
1st postoperative 
day 
4th postoperative 
day 
Normotensive 
Hypertensive 
Normotensive 
Hypertensive 
Normotensive 
Hypertensive 
Normotensive 
Hypertensive 
Normotensive 
Hypertensive 
N 
16 
5 
16 
5 
16 
5 
16 
5 
16 
5 
Mean 
Serum 
Epinephrine 
(mg/dL) 
0.210 
0.260 
0.508 
0.626 
0.774 
0.862 
0.586 
0.678 
0.2181 
0.1880 
S.D. 
0.081 
0.044 
0.172 
0.190 
0.150 
0.125 
0.156 
0.106 
0.050 
0.013 
S.E.M. 
0.020 
0.019 
0.043 
0.085 
0.038 
0.056 
0.039 
0.047 
0.013 
0.006 
Table 4-187: Significance of Epinephrine changes in OC group: NH vs. HT 
s- Epinephrine 
OC Group 
Normotensive vs. 
Hypertensive 
Preoperative 
1/2 hr after incision 
End of surgery 
1st postop day 
4th postop day 
t-test for Equality of Means 
t 
-1.304 
-1.309 
-1.178 
-1.223 
1.309 
df 
19 
19 
19 
19 
19 
Sig. 
(2-taiied) 
p-value 
0.208 
0.206 
0.253 
0.236 
0.206 
Mean 
Difference 
-0.050 
-0.118 
-0.088 
-0.098 
0.030 
Std. Error 
Difference 
0.038 
0.090 
0.074 
0.075 
0.023 
95 % CH) 
Lower 
-0.130 
-0.306 
-0.243 
-0.249 
-0.018 
Upper 
0.030 
0.071 
0.068 
0.065 
0.078 
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4.5.2.4. Serum Norepinephrine: Normotensives vs. Hypertensives in OC 
The norepinephrine concentrations in serum were slightly higher throughout the 
perioperative period in the hypertensive group as compared to the normotensive group 
in the OC category and the intergroup differences between the two groups were not 
significant statistically (p>0.05) at any of the time points in the study (Table 4-188 
and 4-189). 
Table 4-188: s-Norepinephrine: Normotensives vs. Hypertensives of OC 
s- Norepinephrine 
OC Group 
Normotensive vs. Hypertensive 
Preoperative 
Half hr after 
incision 
End of surgery 
1st postoperative 
day 
4th postoperative 
day 
Normotensive 
Hypertensive 
Normotensive 
Hypertensive 
Normotensive 
Hypertensive 
Normotensive 
Hypertensive 
Normotensive 
Hypertensive 
N 
16 
5 
16 
5 
16 
5 
16 
5 
16 
5 
Mean 
s-Norepinephrine 
(mg/dL) 
2.258 
2.540 
3.426 
3.664 
4.236 
4.800 
3.942 
4.380 
2.156 
2.160 
S.D. 
0.691 
0.590 
1.003 
0.554 
0.781 
0.825 
0.972 
1.006 
0.738 
0.513 
S.E.M. 
0.173 
0.264 
0.251 
0.248 
0.195 
0.369 
0.243 
0.450 
0.184 
0.229 
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Table 4-189: Significance of Norepinephrine changes in OC: NH vs. HT 
s- Norepinephrine 
OC Group 
Normotensive vs. 
Hypertensive 
Preoperative 
1/2 hr after incision 
End of surgery 
1st postop day 
4th postop day 
t-test for Equality of Means 
t 
-0.820 
-0.501 
-1.393 
-0.873 
-0.011 
df 
19 
19 
19 
19 
19 
Sig. 
(2-tailed) 
p-value 
0.422 
0.622 
0.180 
0.393 
0.992 
Mean 
Difference 
-0.282 
-0.238 
-0.564 
-0.438 
-0.004 
Std. Error 
Difference 
0.344 
0.475 
0.405 
0.502 
0.357 
95 % CD) 
Lower 
-1.001 
-1.231 
-1.411 
-1.488 
-0.750 
Upper 
0.438 
0.756 
0.284 
0.612 
0.743 
4.5.2.5. Serum CRP: Normotensives vs. Hypertensives in OC group 
Concentrations of serum CRP were insignificantly higher (p>0.05) throughout the 
preoperative, intraoperative and postoperative periods in the hypertensive patients as 
compared to the normotensive patients of the OC group (Table 4-190 and 4-191). 
Table 4-190: Serum CRP: Normotensives vs. Hypertensives of OC group 
s-CRP 
OC Group 
Normotensive vs. Hypertensive 
Preoperative 
1/2 hr after incision 
End of surgery 
1st postoperative 
day 
4th postoperative 
day 
Normotensive 
Hypertensive 
Normotensive 
Hypertensive 
Normotensive 
Hypertensive 
Normotensive 
Hypertensive 
Normotensive 
Hypertensive 
N 
16 
5 
16 
5 
16 
5 
16 
5 
16 
5 
Mean 
Serum CRP 
(mg/dL) 
7.509 
9,266 
9.181 
11.220 
17.709 
19.656 
43.956 
45.714 
41.763 
43.726 
S.D. 
4.981 
7.235 
4.417 
7.031 
11.078 
14.281 
5.396 
2.752 
7.245 
2.819 
S.E.M. 
1.245 
3.235 
1.104 
3.144 
2.770 
6.387 
1.349 
1.231 
1.811 
1.261 
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Table 4-191: Significance of CRP Changes in OC group: NH vs. HT 
s-CRP 
OC Group 
Normotensive vs. 
Hypertensive 
Preoperative 
1/2 hr after incision 
End of surgery 
1st postop day 
4th postop day 
t-test for Equality of Means 
t 
-0.62 
-0.78 
-0.32 
-0.69 
-0.58 
df 
19 
19 
19 
19 
19 
Sig. 
(2-tailed) 
p-value 
0.543 
0.443 
0.751 
0.497 
0.566 
Mean 
Difference 
-1.757 
-2.039 
-1.947 
-1.758 
-1.963 
Std. 
Error 
Difference 
2.834 
2.603 
6.059 
2.540 
3.364 
95 % CID 
Lower 
-7.689 
-7.486 
14.627 
-7.074 
-9.004 
Upper 
4.176 
3.409 
10.734 
3.559 
5.078 
4.5.2.6. TNF-a: Normotensives vs. Hypertensives in OC group 
Preoperative TNF-a level in serum was found insignificantly (p>0.05) higher in the 
hypertensive group as compared to the normotensive group. There were 
insignificantly lower expressions of TNF-a in the introperative period (p> 0.05) in the 
hypertensive group as compared to the normotensive group. However, TNF-a 
expressions were quite higher on the 1^  postoperative day in the hypertensive group 
but the intergroup difference was just insignificant (p=0.054). TNF-a expressions 
were significantly much more (p<0.05) in the hypertensive patients than in the 
normotensive patients on the 4* postoperative day (Table 4-192 and 4-193). 
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Table 4-192: TNF-a: Normotensive vs. Hypertensive patients of OC 
Serum TNF alpha 
OC Group 
Normotensive vs. Hypertensive 
Preoperative 
1/2 hr after incision 
End of snidery 
1st postoperative 
day 
4th postoperative 
day 
Normotensive 
Hypertensive 
Normotensive 
Hypertensive 
Normotensive 
Hypertensive 
Normotensive 
Hypertensive 
Normotensive 
Hypertensive 
N 
16 
5 
16 
5 
16 
5 
16 
5 
16 
5 
Mean 
Serum TNF alpha 
(mg/dL) 
0.792 
5.164 
0.218 
0.000 
0.589 
0.000 
12.953 
55.220 
12.359 
199.658 
S.D. 
1.416 
9.249 
0.791 
0.000 
1.614 
0.000 
30.688 
64.255 
19.926 
341.017 
S.E.M. 
0.354 
4.136 
0.198 
0.000 
0.404 
0.000 
7.672 
28.736 
4.982 
152.507 
Table 4-193: Significance of TNF-a Chang 
Serum TNF- alpha 
OC Group 
Normotensive vs. 
Hypertensive 
Preoperative 
1/2 hr after incision 
End of surgery 
1st postop day 
4th postop day 
es in OC group: NH vs. HT 
t-test for Equality of Means 
t 
-1.928 
0.604 
0.801 
-2.054 
-2.322 
df 
19 
19 
19 
19 
19 
Sig. 
(2-taUed) 
p-value 
0.07 
0.55 
0.43 
0.05 
0.03 
Mean 
Difference 
-4.372 
0.218 
0.589 
-42.268 
-187.299 
Std. Error 
Difference 
2.26 
0.360 
0.735 
20.575 
80.678 
95 % CID 
Lower 
-9.119 
-0.536 
-0.949 
-85.331 
-356.16 
Upper 
0.375 
0.971 
2.127 
0.796 
-18.437 
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4.5.2.7. Graphic Comparisons of Seram Biomarkers in OC Group 
Comparative changes in mean value of glucose, Cortisol, epinephrine, norepinephrine, 
C-reactive protein and tumor necrosis factor alpha among normotensive, hypertensive 
and combined subgroups of open cholecystectomy group (OC) during the 
perioperative period are graphically depicted in the following figures figures 4-30, 4-
31,4-32,4-33,4-34, and 4-35. 
Glucose OC subgroup 
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Figxire 4-30: Glucose Changes in OC (Combined, Normo- & Hyper-tensive) 
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Figure 4-31: Cortisol Changes in OC (Combined, Normo- & Hyper-tensive) 
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Epinephrine OC subgroups 
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Figure 4-32: Epinephrine Changes in OC (Combined, Normo- & Hyper-tensive) 
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Figure 4-33: Norepinephrine Changes in OC (Combined, Normo- & Hyper-tensive) 
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Figure 4-34: CRP Changes in OC (Combined, Normo- & Hyper-tensive) 
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TNF OC subgroups 
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Figure 4-35: TNF-alpha Changes in OC (Combined, Nonno- & Hyper-tensive) 
4.5.3. Comparison: Normotensive vs. Hypertensive Patients in OH Group 
The six serum biomaricers - serum glucose, Cortisol, epinephrine, norepinephrine, C-
reactive protein and tumour necrosis factor alpha were critically analyzed and 
compared between normotensive and hypertensive patients of the open abdominal 
hysterectomy (OH) group, and the comparative results so obtained are presented 
herewith individually with respect to each biomarker in a tabular as well as graphical 
forms. 
4.5 J.l. Serum Glucose: Normotensive vs. Hypertensive Patients in OH 
The serum glucose levels in the OH group were found insignificantly higher (p>0.05) 
in the perioperative period in the hypertensive group as compared to the normotensive 
group except in the initial part of the surgery (1/2 hr after incision) when serum 
glucose value was found insignificantly lower (p>0.05) in the hypertensive group as 
compared to the normotensive group (Table 4-194 and 4-195). 
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Table 4-194: Serum Glucose in OH group 
s- Glucose 
OH Group 
Normotensive vs. Hypertensive 
Preoperative 
1/2 hr after incision 
End of surgery 
1st postoperative 
day 
4th postoperative 
day 
Normotensive 
Hypertensive 
Normotensive 
Hypertensive 
Normotensive 
Hypertensive 
Normotensive 
Hypertensive 
Normotensive 
Hypertensive 
N 
15 
6 
15 
6 
15 
6 
15 
6 
15 
6 
: Normotensive vs. Hypertensive 
Mean 
Serum Glucose 
(mg/dL) 
92.800 
105.500 
138.267 
137.833 
146.467 
157.833 
121.533 
123.000 
107.400 
110.000 
S.D. 
8.002 
11.309 
6.442 
6.706 
4.941 
8.681 
8.643 
6.066 
8.043 
5.967 
S.E.M. 
2.066 
4.617 
1.663 
2.738 
1.276 
3.544 
2.232 
2.477 
2.077 
2.436 
Table 4-195: Significance of Glucose Changes in OH group: NT vs 
Serum Glucose 
OH Group 
Normotensive vs. 
Hypertensive 
Preoperative 
1/2 hr after incision 
End of surgery 
1st postop day 
4th postop day 
.HT 
t-test for Equality of Means 
t 
-2.924 
0.138 
-3.826 
-0.377 
-0.713 
df 
19 
19 
19 
19 
19 
Sig. 
(2-taiIed) 
p-value 
0.009 
0.892 
0.001 
0.710 
0.485 
Mean 
Difference 
-12.700 
0.433 
-11.367 
-1.467 
-2.600 
Std. Error 
Difference 
4.343 
3.146 
2.971 
3.886 
3.648 
95 % CID 
Lower 
-21.790 
-6.151 
-17.584 
-9.600 
-10.235 
Upper 
-3.610 
7.017 
-5.149 
6.667 
5.035 
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4.5.3.2. Serum Cortisol; Normotensive vs. Hypertensive Patients in OH 
Preoperative serum Cortisol level was lower in the hypertensive group as compared to 
the normotensive group in the OH category. The Cortisol concentration became higher 
after 1/2 hour of incision in the hypertensive group and thereafter remained higher in 
an increasing fashion in the hypertensive group until 1^  postop day and then 
decreased slighltly on the 4*^  postop day. The intergroup differences were found 
insignificant (p>0.05) except on the 4* postop day on analysis by independent t-test. 
Further analysis by ANOVA/ Bonferroni test involving the 3 subgroups of the OH 
category (Combined, Normotensive & Hypertensive) revealed that the intergroup 
difference between the normotensive & hypertensive group was also not significant 
statistically (p>0.05) even on the 4* postop day (Table 4-196 and 4-197). 
Table 4-196: Serum Cortisol: Normotensive vs. Hypertensive of OH group 
s- Cortisol 
LC Group 
Normotensive vs. Hypertensive 
Preoperative 
1/2 hr after incision 
End of surgery 
1st postoperative 
day 
4th postoperative 
day 
Normotensive 
Hypertensive 
Normotensive 
Hypertensive 
Normotensive 
Hypertensive 
Normotensive 
Hypertensive 
Normotensive 
Hypertensive 
N 
15 
6 
15 
6 
15 
6 
15 
6 
15 
6 
Mean 
Serum Cortisol 
(mg/dL) 
328.400 
317.833 
644.667 
657.667 
818.867 
899.667 
584.400 
734.333 
510.667 
628.667 
S.D. 
58.317 
55.499 
64.587 
92.843 
82.914 
84.244 
134.180 
218.917 
93.861 
125.618 
S.E.M. 
15.057 
22.657 
16.676 
37.903 
21.408 
34.393 
34.645 
89.373 
24.235 
51.283 
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Table 4-197: Significance of Cortisol Changes in OH group: NT vs. HT 
s-Cortisol 
OH Group 
Normotensive vs. 
Hypertensive 
Preoperative 
1/2 hr after incision 
End of sui^ery 
1st postop day 
4tii postop day 
t-test for Equality of Means 
t 
0.380 
-0.368 
-2.009 
-1.929 
-2.368 
df 
19 
19 
19 
19 
19 
Sig. (2-
tailed) 
p-value 
0.708 
0.717 
0.059 
0.069 
0.029 
Mean 
Difference 
10.567 
-13.000 
-80.800 
-149.933 
-118.00011 
Std. Error 
Difference 
27.818 
35.306 
40.221 
77.706 
49.836 
95 % CH) 
Lower 
-47.657 
-86.896 
-164.984 
-312.574 
-222.308 
Upper 
68.790 
60.896 
3.384 
12.707 
-13.692 
P'ound statistically insignificant (p=0.095) on ANOVA/ Bonferroni test 
4.5.3.3. Serum epinephrine: Normotensive vs. Hypertensive Patients in OH 
Serum epinephrine concentrations were slightly higher in the perioperative period in 
the hypertensive group as compared to the normotensive group of OH category except 
on the 4 postoperative day where it was significantly lower in the hypertensive 
group. However, the intergroup difference was insignificant statistically at all the time 
points (p>0.05) (Table 4-198 and 4-199). 
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Table 4-198: Serum Epinephrine: Normotensive vs. Hypertensive of OH 
s-Epinephrine 
LC Group 
Normotensive vs. Hypertensive 
Preoperative 
1/2 iir after incision 
End of surgery 
1st postoperative 
day 
4th postoperative 
day 
Normotensive 
Hypertensive 
Normotensive 
Hypertensive 
Normotensive 
Hypertensive 
Normotensive 
Hypertensive 
Normotensive 
Hypertensive 
N 
15 
6 
15 
6 
15 
6 
15 
6 
15 
6 
Mean 
s- Epinephrine 
(mg/dL) 
0.247 
0.287 
0.496 
0.598 
0.902 
0.932 
0.673 
0.715 
0.213 
0.198 
S.D. 
0.069 
0.134 
0.192 
0.250 
0.260 
0.092 
0.247 
0.255 
0.038 
0.052 
S.E.M. 
0.018 
0.055 
0.049 
0.102 
0.067 
0.038 
0.064 
0.104 
0.010 
0.021 
Table 4-199: Significance of Epinephrine Changes in OH: NT vs. HT 
s-Epinephrine 
OH Group 
Normotensive vs. 
Hypertensive 
Preoperative 
1^ hr after incision 
End of surgery 
1st postop day 
4th postop day 
t-test for Equality of Means 
t 
-0.899 
-1.016 
-0.269 
-0.352 
0.730 
df 
19 
19 
19 
19 
19 
Sig. 
(2-tailed) 
p-value 
0.380 
0.322 
0.790 
0.729 
0.475 
Mean 
Difference 
-0.039 
-0.102 
-0.030 
-0.042 
0.015 
Std. Error 
Difference 
0.044 
0.101 
0.110 
0.120 
0.021 
95 % CID 
Lower 
-0.131 
-0.313 
-0.260 
-0.294 
-0.028 
Upper 
0.052 
0.108 
0.201 
0.210 
0.058 
4.53.4. Serum Norepinephrine in OH: Normotensives vs. Hypertensives 
Serum norepinephrine concentrations were slightly higher throughout the 
perioperative period in the hypertensive group as compared to the normotensive 
268 
RESULTS 
group. However, the intergroup differences were found significant (p<0.05) only at 
1/2 hr after incision on the 4th postoperative day (Table 4-200 and 4-201). 
Table 4-200: Serum Norepinephrine: 
s- Norepinephrine 
OH Group 
Normotensive vs. Hypertensive 
Preoperative 
Half an hr after 
incision 
End of surgery 
1st postoperative 
day 
4th postoperative 
day 
Normotensive 
Hypertensive 
Normotensive 
Hypertensive 
Normotensive 
Hypertensive 
Normotensive 
Hypertensive 
Normotensive 
Hypertensive 
Normotensive vs. Hypertensive of OH 
N 
15 
6 
15 
6 
15 
6 
15 
6 
15 
6 
Mean 
s- Norepinephrine 
(mg/dL) 
1.975 
2.160 
2.905 
3.638 
3.956 
4.878 
3.925 
3.988 
1.608 
2.182 
S.D. 
0.652 
0.593 
0.743 
0.616 
1.017 
0.678 
1.130 
0.652 
0.537 
0.622 
S.E.M. 
0.168 
0.242 
0.192 
0.251 
0.263 
0.277 
0.292 
0.266 
0.139 
0.254 
Table 4-201: Significance of Norepinephrine Changes 
s-Norepinephrine 
OH Group 
Normotensive vs. 
Hypertensive 
Preoperative 
1/2 hr after incision 
End of surgery 
1st postop day 
4th postop day 
in OH: NT vs. HT 
t-test for Equality of Means 
t 
-0.602 
-2.131 
-2.032 
-.127 
-2.120 
df 
19 
19 
19 
19 
19 
Sig. 
(2-tailed) 
p-value 
0.554 
0.046 
0.056 
0.900 
0.047 
Mean 
Difference 
-0.185 
-0.733 
-0.922 
-0.063 
-0.574 
Std. Error 
Difference 
0.308 
0.344 
0.454 
0.496 
0.271 
95 % CH) 
Lower 
-0.830 
-1.453 
-1.872 
-1.100 
-1.140 
Upper 
0.459 
-0.013 
0.028 
0.974 
-0.007 
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4.5.3.5. Serum CRP in OH: Normotensive vs. Hypertensive Patients 
The serum CRP concentrations were slightly higher in the preoperative, inti-aoperative 
and postoperative periods in the hypertensive group as compared to the normotensive 
group in the OH category. However, the intergroup difference was found significant 
(p<0.05) only on the 1st postoperative day (Table 4-202 and 4-203). 
Table 4-202: C-reactive protein: Normotensive vs. Hypertensive of OH 
s-CRP 
OH Group 
Normotensive vs. Hypertensive 
Preoperative 
1/2 hr after incision 
End of surgery 
1st postoperative 
day 
4th postoperative 
day 
Normotensive 
Hypertensive 
Normotensive 
Hypertensive 
Normotensive 
Hypertensive 
Normotensive 
Hypertensive 
Normotensive 
Hypertensive 
N 
15 
6 
15 
6 
15 
6 
15 
6 
15 
6 
Mean 
Serum CRP 
(mg/dL) 
8.455 
11.627 
10.289 
16.248 
19.387 
22.022 
43.953 
52.228 
41.679 
43.142 
S.D. 
6.276 
8.820 
5.860 
9.739 
12.817 
9.575 
5.562 
9.180 
6.045 
6.535 
S.E.M. 
1.620 
3.601 
1.513 
3.976 
3.309 
3.909 
1.436 
3.748 
1.561 
2.668 
270 
RESULTS 
Table 4-203: Significance of CRP Changes in OH group: NT vs. HT 
s-CRP 
OH Group 
Normotensive vs. 
Hypertensive 
Preoperative 
1/2 hr after incision 
Endof sui^ery 
1st postop day 
4th postop day 
t-test for Equality of Means 
t 
-0.933 
-1.740 
-0.453 
-2.554 
-0.490 
df 
19 
19 
19 
19 
19 
Sig. 
(2-tailed) 
p-value 
0.362 
0.098 
0.656 
0.019* 
0.630 
Mean 
Difference 
-3.171 
-5.960 
-2.634 
81275 
-1.462 
Std. 
Error 
Difference 
3.398 
3.425 
5.820 
3.239 
2.984 
95 % CID 
Lower 
-10.284 
-13.127 
-14.816 
-15.055 
-7.708 
Upper 
3.942 
1.208 
9.547 
-1.495 
4.784 
•Significant 
4.5.3.6. Serum TNF-a in OH: Normotensive vs. Hypertensive Patients 
Preoperative TNF-a level was insignificantly higher (p>0.05) in the hypertensive 
group. TNF-a expressions increased but insignificantly (p> 0.05) in the hypertensive 
group at half an hour after incision & in the postoperative period. However, TNF-a 
expression was insignificantly higher in the normotensive group at the end of surgery 
(Table 4-204 and 4-205). 
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Table 4-204: Serum TNF-o: Normotensive vs. Hypertensive of OH group 
Serum TNF-a 
OH Group 
Normotensive vs. Hypertensive 
Preoperative 
1^ hr after incision 
End of sui^ery 
1st postoperative 
day 
4th postoperative 
day 
Normotensive 
Hypertensive 
Normotensive 
Hypertensive 
Normotensive 
Hypertensive 
Normotensive 
Hypertensive 
Normotensive 
Hypertensive 
N 
15 
6 
15 
6 
15 
6 
15 
6 
15 
6 
Mean 
Serum TNF-o 
(mg/dL) 
1.617 
3.275 
3.462 
4.573 
3.330 
2.538 
25.076 
29.752 
52.785 
60.633 
S.D. 
2.693 
5.013 
7.253 
9.616 
5.105 
4.477 
27.345 
27.740 
33.949 
41.431 
S,E.M. 
0.695 
2.046 
1.873 
3.926 
1.318 
1.828 
7.060 
11.325 
8.766 
16.914 
Table 4-205: Significance of TNF-a Changes in OH group: NT vs. 
TNF-o 
OH Group 
Normotensive vs. 
Hypertensive 
Preoperative 
1/2 hr after incision 
End of surgery 
1st postop day 
4th postop day 
HT 
t-test for Equality of Means 
t 
-0.992 
-0.290 
0.331 
-0.353 
-0.450 
df 
19 
19 
19 
19 
19 
Sig. 
(2-tailed) 
p-value 
0J33 
0.775 
0.744 
0.728 
0.657 
Mean 
Difference 
-1.658 
-1.111 
0.792 
-4.676 
-7.848 
Std. 
Error 
Difference 
1.670 
3.837 
2.390 
13.259 
17.422 
95 % CID 
Lower 
-5.154 
-9.142 
-4.210 
-32.428 
-44.314 
Upper 
1.838 
6.919 
5.794 
23.076 
28.618 
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4.5.3.7. Graphic Comparisons of Serum Biomarkers in OH Group 
Comparative changes in mean value of glucose, Cortisol, epinephrine, norepinephrine, 
C-reactive protein and tumor necrosis factor alpha among normotensive, hypertensive 
and combined subgroups of open abdominal hysterectomy group (OH) during the 
perioperative period are graphically depicted in the following figures 4-36,4-37,4-38, 
4-39 4-40 and 4-41. 
Glucose OH subgroup 
170 
160 
150 
_ 140 
"^ 130 
^ 120 
110 
100 
90 
•normo 
•hyper 
•comb 
preop halfhr endofsurg postopl postop4 
Figure 4-36: Glucose Changes in OH (Combined, Normo- & Hyper-tensive) 
Cortisol OH subgroups 
•normo 
•hypert 
•comb 
preop halfhr end of postopl postop4 
surg 
Figure 4-37: Cortisol Changes in OH (Combined, Normo- & Hyper-tensive) 
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Epinephrine OH subgroups 
preop halfhr endofsurg postopl postopA 
Figure 4-38: Epinephrine Changes in OH (Combined, Normo- & Hyper-tensive) 
5.5 
4.5 
« 4 
i 3.5 
1.5 
1 
Norepinephrine OH subgroups 
>*V y>r^^^ 
^y^ ^V 
> J / ^ ^ -•-Normo 
^^^r^ ^^ . • nypcrv 
1^ -^—combined 
preop 1/2 hr end of postopl postop2 
surg 
Figure 4-39: Norepinephrine Changes in OH (Combined, Normo- & Hyper-tensive) 
CRP OH subgroups 
-Normo 
-hypert 
>comb 
preop halfhr end of postopl post4 
Figure 4-40: CRP Changes in OH (Combined, Normo- & Hyper-tensive) 
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TNF OH subgroups 
T 
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1 
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preop 1/2 hr end postopl postopA 
Figure 4-41: TNF-alpha Changes in OH (Combined, Nonno- & Hyper-tensive) 
4.5.4. Conclusion of Biochemical Results: NT vs. HT 
The overall stress response in terms of the biochemical changes (serum glucose, 
Cortisol, epinephrine, norepinephrine, CRP & TNF-a) in the present study was found 
not significantly different between the hypertensive and normotensive patients who 
underwent any of the surgical procedures studied, viz., laparoscopic cholecystectomy. 
Open cholecystectomy and open abdominal hysterectomy. 
This observation is in contrast to the haemodynamic response observed in the present 
study which was found significantly higher in the hypertensive patients than in the 
normotensive patients in all the three groups (LC, OC & OH). 
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4.6. RESULTS AT A GLANCE 
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RESULTS 
4.6.4. Haemodynamic Responses in LC, OC & OH groups 
Haemodynamic Response in LC Group 
HR/min 
SBP{mmHg) 
DBP(mmHg) 
MAP(mmHg) 
RPP( 1/100) 
Preop Half an hr end of Istpostop 4th 
surg postop 
Figure 4-42: Changes in the five haemodymic parameters in the LC Group 
Haemodynamic Response in OC group 
140 
HR/min 
SBP(mmHg) 
DBP(mnf»Hg) 
MAP(mmHg) 
RPP(1/100) 
Preop Half an hr end of 1st 4th 
surg postop postop 
Figure 4-43: Changes in the five haemodymic parameters in the OC Group 
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Haemodynamic Response in OH Group 
140 
HR/min 
SBP(mmHg) 
DBP(mmHg) 
MAP(mmHg) 
RPP( 1/100) 
Preop Half an hr end of surg 1st postop 4th postop 
Figure 4-44: Changes in the five haemodymic parameters in the OH Group 
Rate Pressure Product in LC,OC & OH 
•LCMean 
-OCMean 
-OH Mean 
Preop Half an hr End of surg 1st postop 4th postop 
Figure 4-45: Rate Pressure Product (RPP) in LC, OC and OH Groups 
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4.6.5. Hormonal Metabolic Responses in LC, OC & OH Groups 
Effects of Laparoscopic Cholecystectomy on 
Biomarkers & Haemodynamic Parameters 
Glucose 
Cortisol 
EPI (1/1000) 
NE (1/100) 
CRP (1/10) 
TNF(1/10) 
HR 
MAP 
RPP(lxlOO) 
Preop Halfhr endsurg postopl postop4 
Figure 4-46: Changes in biomarkers & haemodynamic parameters in the LC group 
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Effects of Open Cholecystectomy on 
Biomarkers & Haemodynamic Parameters 
Glucose 
Cortisol 
EPI (1/1000) 
NE (1/100) 
CRP (1/10) 
TNF (1/10) 
HR 
MAP 
RPP(lxlOO) 
Preop Halfhr endsurg postopl postop4 
Figure 4-47: Changes in biomarkers «& haemodynamic parameters in the OC group 
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Effects of Open Hysterectomy on 
Biomarkers & Haemodynamic Parameters 
•Glucose 
•Cortisol 
"EPI (1/1000) 
•NE (1/100) 
-iK-CRP (1/10) 
- • - T N F (1/10) 
—(—HR 
MAP 
RPP(lxlOO) 
Preop Halfhr endsurg postopl postop4 
Figure 4-48: Changes in biomarkers & haemodynamic parameters in the OC group 
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5. DISCUSSIONS 
5.1. INTRODUCTION 
\t the outset, I wish to mention that I, a consultant anaesthetist in a government 
nedical college, have carried out this clinical post-doctoral research work while doing 
ny routine and emergency hospital duties and regular teaching assignments of 
andergraduate as well as the postgraduate medical students. As the research 
aboratory is still in the proposal status in the department of Anaesthesiology, I have, 
inder suggestion of a senior co-opted member of the Board of Studies, taken the help 
3f two renowned biochemists of our institution whose academic work is well 
ecognized by the international community to learn and perform the accurate 
measurement of the concerned bio-markers in my off-duty hours, 
rhe present study titled ^A Prospective Biochemical Study of Systemic Stress 
Responses during Cholecystectomy & Abdominal Hysterectomy^^ was carried out at 
3ur secondary care teaching institution located in a B-grade city and funded by the 
Government of India, where financial feasibility of a major/ advance research work is 
ilways the most important constraint. The financial constraint was the only reason 
why this study was completed over a rather long period of four years. One time half 
[unding by the University, that too quite late after lots of persuasion and effort, forced 
me for self-fiinding that proved a little time-consuming as well as taxing at that time 
before the implementation of the revised pay scale in January, 2009. 
rhe present self-designed ELISA-based study recruited 21 patients (ASA grade I & 
[I) in each of the three groups - Laparoscopic cholecystectomy (LC), Open 
Cholecystectomy (OC) and Open Abdominal Hysterectomy (OH) after calculating 
power of significance for minimum sample size by a renowned statistician of our 
place. 
With the popularization of laparoscopic cholecystectomy in the last decade of the 
previous century, objective pathophysiological investigations in controlled 
randomized marmer could not keep pace with the explosive popularity and public 
icceptance of the laparoscopic cholecystectomy, mainly due to the fast receding 
X)ntrol of conventional open cholecystectomy. However, we did find an opportunity 
:o study a fiilly comparable group of Open Cholecystectomy of reasonable size on the 
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basis of non-medical indications (Patient's poor financial status, patient's preference, 
lack of adequate facility or even lack of functioning equipment at times, etc.) and 
submit here the analytical comparison of open and lap cholecystectomy, along with 
observations in another open surgery (Open Abdominal Hysterectomy) as a sort of not 
true but relative non-biliary control. 
This is to highlight the point that patients found pre-operatively fit for laparoscopic 
cholecystectomy were subjected to open cholecystectomy only on the basis of non-
medical indications, and therefore, open cholecystectomy was considered as a fully 
comparable control against the laparoscopic cholecystectomy and this was further 
verified by repeated measures ANOVA (Analysis of variance test) for each parameter 
studied. 
Although the original study was designed and approved for peri-operative evaluation 
of biochemical markers (Serum Glucose, Cortisol, Epinephrine, Norepinephrine, C-
reactive protein and TNF-alpha) for assessing the surgery-induced systemic stress 
responses, it appeared quite relevant to me as a clinical investigator that the 
haemodynamic clinical parameters which we anaesthetists continuously monitor for 
safe conduct of surgery, should also be recorded in this prospective study for their 
behaviour and assessment of the haemodynamic stress response. Therefore, peri-
operative haemodynamic response in terms of heart rate, systolic and diastolic arterial 
blood pressure by non-invasive method was also religiously recorded at all the end 
points in all the patients studied for the biochemical markers, and mean arterial 
pressure as well as rate-pressure product were also calculated in all the patients for all 
the end points (pre-operative, half-an-hour after start of surgery, end of surgery, 1^ ' 
and 4* post-operative days). 
The recorded data were critically analyzed cross-sectionally at each time point and 
longitudinally over the course of study with the help of SPSS (Statistical Package for 
the Social Sciences) version 17 and the results were compared with other studies 
reported in the literature. An attempt was also made to suggest the aetiological 
factor(s) for the recorded stress responses based on the consensus opinion. 
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5.2. DEMOGRAPHIC DATA 
5.2.1. Age 
In developing countries like India, a sort of Western style epidemic of cholelithiasis is 
being increasingly observed and majority of these patients are in their 30s. This 
phenomenon is also seen in the present study with mean age ± SEM of 31± 1.03 and 
33±1.06 years in laparoscopic cholecystectomy (LC) and open cholecystectomy (OC) 
groups respectively which were found comparable in the two groups (p>0.05) (Table 
4-1 & 4-2). 
Ortega et al (1996) also reported almost similar age (Mean±SEM) of 34±2 and 33±3 
years for LC and OC groups respectively. However, some other studies have reported 
higher age of patients undergoing cholecystectomy (Martin et al, 1992; Jatzko et al, 
1995; Helmy et al, 1999; Hendolin et al, 2000; Sheen-Chen et al, 2002; Luo et al, 
2003). 
The age of the patients (Mean ±SEM) in the open abdominal hysterectomy (OH) 
group of the present study was found 45±1.10 years (Table 4-1). This was expectedly 
higher than the age of patients undergoing cholecystectomy (p<0.001) as 
hysterectomy is usually indicated for benign diseases in majority of patients beyond 
the reproductive age or in the peri-menopausal age. 
Moore et al (1994) reported patients' age (Mean and Range) of 41.9 (36-45) and 43.3 
(39-47) years for GA group (General Anaesthesia) and EDB group (GA + Extra-Dural 
Block) for total abdominal hysterectomy for benign disease. This is in full agreement 
with the finding of the present study (45±1.10 years; range 35 - 55). 
Age distribution of cholecystectomy patients in some of the reported studies is well 
illustrated in the following Table 5-1; 
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Table 5-1: Comparative Age Distribution (Mean±SEM) in Different Studies 
Authors 
Klingstedt et al (1987): 
Placebo Group I 
Ibuprofen Group II 
Joris et al (1993) 
Martin et al (1992) 
Redmond et al (1994) 
Glaser et al (1995) 
Jatzko et al (1995) 
Chambrier et al (1996) 
Helmy et al (1999) 
Kristiansson et al 
(1999) 
Hendolin et al (2000) 
Sheen-Chen et al 
(2002) 
Luo et al (2003) 
PRESENT STUDY 
Place of 
Study 
Sweden 
Belgium 
UK 
Ireland 
Germany 
Austria 
France 
Egypt 
Sweden 
Finland 
Taiwan 
China 
North India 
Age in Years (Mean±SEM) 
LC 
-
48.9±3.7 
52 
47±sd 15 
52.1±1.9 
54±0.71 
43.1±3.7& 
56.6±5.8 
39±sdI2 
42 
49±sd 12 
48.7 
45±sdl2.6 
31±5 
OC 
47.34.1 
39.3±4.7 
• 
-
-
52±sdl6 
55.2±2.9 
53±0.76 
-
42±sdll 
56 
53±sdl2 
53.8 
46.6±sdl5.8 
33±5 
p-value 
-
-
-
>0.05 
>0.05 
>0.05 
-
>0.05 
>0.05 
>0.05 
>0.05 
>0.05 
>0.05 
Age Range: 18-42 years in the LC group; 22-50 years in the OC group; 35-55 years 
in the OH group (Table 4-1). Martin et al (1992), Westerband et al (1992) and Joris et 
al (1993) reported an age range of 18 - 91 years, 22 - 82 years and 20 - 69 years 
respectively for patients undergoing laparoscopic cholecystectomy although their 
mean age was 49, 48 and 51 years respectively, higher than that seen in the present 
series. These data do not suggest, in absence of age break-up, any impression whether 
majority of the patients belonged to either the reproductive age group or the post-
menopausal age group. Majority of our patients belonged to the child-bearing age. 
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5.2.2. Sex 
All patients in the three groups (LC, OC and OH) were found to belong to the female 
sex and hence gender bias was eliminated from the present study. All of them were 
neither pregnant nor lactating at the time of cholecystectomy in both laparoscopic and 
open groups. None of them was menstruating at the time of operation. 
In general clinical practice, it is practically assimied that the surgical stress is similar 
in the two sexes and possibly this is the reason why even extensive thorough reviews 
on surgery-induced systemic stress failed to address or comment on this so-to-say 
non-existent issue (Kehlet, 1997 & 1999; Desborough, 2000; Singh, 2003). However, 
Zellweger and colleagues have included the effect of gender in the chapter of 'The 
immune/inflammatory system' in the latest edition (7™) of Wylie and Churchill-
Davidson's A PRACTICE OF ANESTHESIA (2003) and highlighted the significance 
of the female sex. 
For the first time in 1998, Galzolari demonstrated that sex hormones can affect the 
immune system by showing that castration of adult male rabbits resulted in an 
increase in the thymic mass. In past, Gender differences in the susceptibility to sepsis 
have been reported in several epidemiologic and clinical studies (McGowan et al, 
1975; Bone, 1992). Influence of sex steroids on the endocrine and immime fimctions 
in normal males and females have been documented by Homo-Delarche et al (1991) 
and Zellweger et al (1995). Better maintained immune functions in females are result 
of not only the physiological levels of the female sex steroids but also, at least in part, 
the lower levels of the immunosuppressive androgenic hormones (Luster et al, 1985; 
Wickmann et al 1997). Additional studies support the view that hormones of the 
endocrine system (i.e., prolactin, progesterone, adrenal glucocorticoids, growth 
hormones and endogenous opioids) are intimately involved in immunologic sexual 
dimorphism (Zellweger et al, 2003). Recently, Kumar et al (2008) reported a 
prospective study of male (n=40) & female (n=40) patients who underwent a variety 
of surgical procedures including Cholecystectomy and hysterectomy and concluded 
that there was an inverse correlation between serum oestrogen level and pain, an 
important modulator of surgical stress. 
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Furthermore, only a few studies including that of Ortega et al (1996) have recruited 
only female patients in their studies. I feel this is rather necessary in view of the facts 
that females are frequently exposed not only to the 'vagaries' of hormonal 
homeostasis during menstruation, pregnancy and lactation but also to the excessive 
mental stresses, positive as well as negative, of the family relationships. On the other 
hand, cholecystectomy in males is often found technically difficult in the day-to-day 
clinical practice and the difficult/ protracted tissue dissection is, therefore, expected to 
evoke greater systemic stress responses in males. Therefore, it seems prudent to 
critically study and analyze the systemic stress responses separately in males and 
females. 
Thus, all-female current stucfy confers at least three advantages: 
a. Gender bias is eliminated from the present study and therefore, the result is 
free from heterogeneity, 
b. Elimination of the often-difficult cholecystectomy with expected greater 
systemic responses in males will make the present data possibly easier to 
interpret, 
c. Comparison of biliary surgery and non-biliary control group 
(hysterectomy) is more acceptable not only in terms of lap vs. open 
surgery but also in terms of upper vs. lower abdominal surgery. 
All the same, the present all-female study invites a small difficulty of comparison 
with other reported series which includes, in general, both male and female patients. 
But this unavoidable problem is out of our control but may prove fiaiitful with better 
understanding of surgical stress at a later date. 
5.2.3. Weight 
Present study recorded the weight (MeaittSEM) of 45.00±1.0 Kg, 46.47±1.101 Kg 
and 52.29±1.27 Kg for the patients who underwent laparoscopic cholecystectomy, 
open cholecystectomy and open abdominal hysterectomy respectively (Table 4-2). 
Thus patients' weight recorded in the present study reflects the generally observed 
weight in the poor socio-economic group of Indian population. 
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Injury to human body alters nonnal physiology across several systems, and these 
alterations are usually proportional to the extent of injury. Surgery being a form of 
injury evokes release of various acute phase reactants, along with other circulating 
factors (1). The capacity to produce circulating factors, the cytokines is central to the 
regulation of the immuno-inflammatory responses. Acute phase protein response 
appears to be one example. Cytokines and their inhibitors are thought to be involved 
in many of the patho-physiological changes associated with trauma and infection. 
The magnitude of trauma and the degree of tissue damage has an impact on the 
trauma responses (1). The trauma of surgery evokes metabolic, endocrine, 
haemodynamic & inflammatory changes in the body. This includes stimulation of 
pituitary-adrenal axis, activation of sympathetic nervous system, and increase in 
glucagon secretion, acute phase protein response and release of inflammatory 
mediators. Stress responses manifested as tachycardia, hyperglycemia, adipose 
tissue mobilization & activation of coagulation cascade (2). The response of adrenal 
cortex to this stress during anaesthesia &surgery can affect the whole outcome of the 
patient. It has detrimental effects in upper abdominal surgery specially the biliary 
tract siirgery as compared to other surgeries. This stress may lead to lethal 
consequences due to relative or absolute increase in sympathetic tone during elective 
cholecystectomies results in tachycardia, hypertension, dysrrhythmias, ventricular 
ectopics, angina or myocardial infarction (3, 5, &7). Even pulmonary edema during 
intra-operative period is an important cause of postoperative morbidity & mortality. 
This reflex response is mediated through reflex stimulation of adrenal gland, 
through coeliac plexus and during surgical manipulation of gall bladder (7, 8). 
6 
Various researchers had tried to block these responses by Para vertebral block/ 
Intercostal nerve block/Splanchnic nerve block/Extradural block or even by varying 
dozes of fentanyl & remifentanyl (4, 10, 11, 12 &15). Knowledge of the above 
disturbances is of paramount importance to both surgeon & anaesthetist during 
anaesthesia & surgery to deliver adequate and proper care to the patient during peri-
operative period. These changes assume more importance in patients in whom 
cardiovascular system is the seat of proclaimed or latent disorders, especially in 
patients undergoing major operations. Recently laparoscopic surgery has gained 
popularity as day stay stress- free minimally invasive surgery, in comparison to open 
surgery. Recent developments have allowed most intra abdominal procedures to be 
performed by the laparoscopic technique. However, a critical assessment of 
randomized, controlled studies and meta-analysis comprising laparoscopic and open 
surgery has not convincingly shown that laparoscopic surgery improves the 
outcome, except in a few operations (16, 17, 18, 19 &20). However, biochemical 
data to support the safety of this procedure is sparse. Therefore, this study is being 
undertaken to determine the extent of systemic stress responses in the form of acute 
phase reactants, hormonal, metabolic and haemodynamic changes during open and 
laparoscopic abdominal surgery in order to evaluate its implications in relation to 
safe conduct of anesthesia & post-operative recovery. 
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marked systemic stress response not only in the intraoperative period but 
also in the post-operative period until 1^ post-op day. 
II)On the 4* post-op day in the OH group, the plasma epinephrine level 
decreased markedly and was found 19 % lower than the pre-op value, 
suggesting the presence of significant degree of pre-op stress in these 
patients possibly secondary to the procedure-related anxiety and 
apprehension, especially in relation to removal of uterus. 
12) Inter-group difference between epinephrine responses of OC and OH was 
not significant at any of the time points (p>0.05), indicating similar peri-
operative systemic stress responses in the two open surgery groups. 
13) Inter-group differences between epinephrine responses of LC and OH 
followed the exact pattern of differences between LC and OC groups at 
half an hour after incision, at end of surgery 1 and 4 post-op days, 
indicating similar systemic stress responses in the two groups during intra-
operative period and 4* post-op day, and dissimilar responses on 1^* post-
op day - markedly less in LC group. 
14) Significantly high epinephrine concentration in intraoperative period in 
open group in absence of pneumoperitoneum cannot be explained on the 
basis of technique of anaesthesia as suggested by Derbyshire and Smith 
(1984) because similar general anaesthesia was administered in a planned 
fashion in all the three groups of the present study. 
15) Significantly high epinephrine concentration in intraoperative period in 
open group in absence of pneumoperitoneum was rather, in all probability, 
the reflection of extensive prolonged visceral tissue dissection which may 
be true for the open hysterectomy taking longer duration of time in the 
present study but that does not hold good for the open cholecystectomy in 
the present series, which was straight forward easy and was carried out 
within a time fi-ame similar to that of lap cholecystectomy, reflecting 
almost same amount of visceral tissue dissection in the two biliary groups. 
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6.2.4. Serum Norepinephrine Response 
1) The pattern of the norepinephrine response in the present study was found 
almost exactly similar to that of the epinephrine response in the intra-
operative as well as post-operative period in all the three groups (LC, OC 
and OH) 
2) Significant rapid rise of NE at half-an-hour after start of the surgery and 
peaking at the end of surgery though comparable among the three groups 
were possibly due to different causal factors which have been already 
discussed in detail under the head of epinephrine and Cortisol responses in 
the present study. 
3) However, certain small but important differences between the Epinephrine 
(EPI) and Norepinephrine (NE) Responses in LC, OC, and OH Groups 
deserve consideration. 
4) In the LC group, there was 2-fold increase in intra-operative NE 
concentration as compared to the 3-fold increase in intra-operative EPI 
concentration; however their statistical significance with respect to their 
pre-operative levels was found similar (p<0.001). 
5) In both the open groups (OC & OH), intra-operative NE enhancement (2-
fold) was lower than the intra-operative EPI enhancement (3.6-fold) 
though both values were highly significant with respect to their pre-
operative values (p<0.001). 
6) l** post-operative day: Comparison between LC and open groups (OC/ 
OH) shows differential NE fall on the 1^ post-operative day from the intra-
operative peak in the two groups - 43.4 % in LC group and only ~7 % in 
the open groups. This observation suggests much faster recovery of the 
acute stress response inpatients operated laparoscopically, lending strong 
support for the fast evolving Day Case Surgery/ Fast-Track Surgery 
especially in relation to the laparoscopic procedures. 
7) On 4* post-operative day, LC group recorded 15 % fall of NE below the 
pre-operative value which was statistically significant (p<0.001) while the 
open groups showed 7 - 13 % fall of NE below the pre-operative level 
which was not found significant (p>0.05). However, the Inter-group 
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difference between lap and open groups was not significant statistically 
(p>0.05). 
8) This fall of NE values in the late post-operative period well below the pre-
operative levels in all the three groups (LC, OC and OH) of the present 
study is similar to the changes of epinephrine and Cortisol concentration of 
the present study, fiirther supporting the presence of marked degrees of 
pre-operative anxiety and apprehension which are potent activators of the 
sympatho-adrenal system and has been discussed in detail under the of 
Cortisol response. Norepinephrine in the plasma comes mainly from the 
overflow of the norepinephrine released from the sympathetic nerve 
terminals (Cryer, 1976). 
6.2.5. Serum C - Reactive Protein Response 
1) LC group (n=21) recorded significantly enhanced CRP expression at the 
end of operation and thereafter in the post-operative (post-op) period, with 
peak effect on the 4th post-op day in consonance with the findings of 
Roumen et al (1992), Mealy et al (1992), Joris et al (1992), Cho et al 
(1994), Halevy et al (1995), Karayiannakis et al, (1997) and Haq et al, 
(2004). 
2) OC group (n=21) recorded accentuated CRP expression soon after start of 
surgery that persisted until 4th post-op, with peak effect on the 1st post-op 
day in accordance with the observations of McMahon et al (1993), 
Redmond et al (1994) and Bruce et al (1999). 
3) Intergroup difference between lap cholecystectomy and open 
cholecystectomy was found statistically not significant, suggesting that 
both the procedures are equally stressful with respect to acute phase 
protein response when intra-cavitatory management and visceral tissue 
dissection is comparable. 
4) Open abdominal hysterectomy was followed by intra-operative (intra-op) 
as well as post-operative accentuation of CRP expression - a finding at 
variance with only post-operative enhancement of CRP recorded by Moore 
etal(1994). 
5) Pattern of CRP changes following open abdominal hysterectomy was 
almost similar to that after laparoscopic cholecystectomy in the intra-op 
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period but not in the post-op period - the classical time for the CRP 
expression; the most probable cause for this variation in the present study 
is the longer duration of time taken for the open hysterectomy, indirectly 
referring to the significance of the visceral tissue dissectional trauma 
again. 
6) A comparison of biliary and non-biliary surgery with respect to CRP 
expression is reported first time in the present study. 
7) Pattern of CRP changes following open abdominal hysterectomy was 
found almost similar to that after open cholecystectomy but CRP 
expression after open hysterectomy was more pronounced in the post-op 
period as compared the open cholecystectomy. This is possibly due to 
longer duration surgery and visceral dissection in the OH group. 
8) Present study confirms the finding of Hill and associates (1995) that 
neither acute parietal tissue incisional injury nor the pneumoperitoneum 
affects the CRP expression, indirectly indicating the role of visceral tissue 
dissection for immune modulation. 
9) Present study confirms that lap cholecystectomy does not produce lesser 
degree of acute phase protein response than the open cholecystectomy or 
even open hysterectomy. 
10) Higher CRP values in the intra-op period as well as post-op period until 
4th day indicate a major inflammatory response to the operative procedure 
done by either open or laparoscopic technique, and reflect perioperative 
tissue damage and antigen load. Therefore, CRP can be used to quantify 
the surgical trauma and stress experienced by the individual patients. 
6.2.6. Serum TNF-alpha Response 
1) LC group (n=21) recorded no enhancement of TNF-alpha expression 
during intra-op period as well as on the 1st post-op day; however, an 
insignificant TNF rise was detected on 4th post-op day. 
2) OC group (n=21) recorded no enhancement of TNF-alpha expression 
during intra-op period as in the LC group hut developed significant 
enhancement of TNF-alpha expression on 1st post-op day, with fiirther 
increase on the 4th post-op day. 
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LIMITATIONS OF Ph. D. THESIS 
Anaesthesiology is still in the proposal status, I performed all my ELISA-based 
measurements of the biomarkers in advance laboratory of another department of our 
University. 
As the laboratory of Department of Agricultural Microbiology folly equipped with 
facility and personnel especially trained in ELISA testing under charge of a clinical 
Bio-technologist is situated about 2 Kms away from our hospital, it was a little 
compromising as well as taxing for the to-and-fro movements feasible only during 
off-duty hours and holidays when the lab used to open for the uninhibited continuous 
research work. This proved, in addition to the financial limitations, another major 
factor for completion of the present study in about 4 years' time. 
J. Lai^e volume of present thesis as a limitation 
Last but not the least, I find it a little disturbing that the present work has become 
more voluminous than the usual size that may prove a limitation of the present 
Doctoral Thesis on two counts. One, the present work might give a feeling that it has 
incorporated a lot of unrelated or unnecessary material which in reality is not the case, 
and may dissuade a scholar to go through it, thereby hindering dissemination of 
pertinent information. Second, the present work, first of its kind in the Department of 
Anaesthesiology, may send a negative signal to junior colleagues and students for 
opting such a strenuous higher Doctoral work and quaUfication, thereby making the 
whole exercise counterproductive as far as research orientation is concerned to pursue 
the current trend of evidence-based medicine, at least in anaesthesia and surgery. 
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I strongly felt the need of establishing an advanced Biochemical Lab within the OT 
premises folly equipped with the infrastructure, trained technicians and a clinical 
Biochemist and that too under control of the Department of Anaesthesiology, so that 
avoidable delays and dependency on the staff of the other department are eliminated, 
and more importantly, more anaesthetists will be tempted and encouraged towards 
objective evaluation of post-sur^cal course and clinical practice of evidence-based 
medicine for improvement of the quality of patient care and favourable outcome. 
Such a proposal has already been put forward by our department. 
H. Problem of perception of Doctoral research activity as personal work 
At some crucial points during the conduct of the present study, I was made to realize 
by some of my influential colleagues that this is purely my personal work and that 
what benefits the department will derive if my research work is assisted by the 
University financially or otherwise for completion. Thus this perception became a 
limiting factor for earlier completion of the present work. I failed to understand this 
logic academic work as a purely personal work. I believe that growth of a department 
of even an institution is directly linked to the academic activities of the individual 
faculty members and students. Therefore, it cannot be overemphasized that there is a 
definite place, especially in the developing countries, for education of medical 
fraternity of all ranks and files regarding research orientation and its due recognition 
for uninhibited overall growth, individual as well as institutional, of international 
standard required for the state of the art quality of patient care to achieve the 
everybody's goal of the best possible clinical outcome. 
I am of the opinion that research orientation at a given level definitely sends positive 
signals down the line with intellectual inspiration at least in contemporary and junior 
colleagues as well as in the students who are more receptive to imbibe the work 
culture when moulded suitably in a positive manner. 
I. Problem of doing research activity in off-duty hours, especially by faculty 
member 
I, a consultant anaesthetist in a government medical college, have carried out this 
clinical doctoral research work while doing my routine and emergency hospital duties 
and teaching assignments all the same. As the research laboratory in the department of 
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I strongly feel after-wise about this aspect of the study design because this is going to 
be one of the major limitations in future with better pre-op education and counselling 
to the patients and adoption of the relevant multimodal approach of Kehlet (1997) for 
favourable clinical outcome. I wonder why this aspect did not receive any attention, 
what to talk of due attention, in prospective controlled randomized studies "available in 
the literature. It is a pity that even Henrik Kehlet (1997) so enthusiastic about his 
enlightening model approach failed to address this over-due issue - continuance of 
study until 7th post-op day (Changes in stress factors continue postoperatively for 7 
days as documented as early as 1985 by Lennard associates) even when patient goes 
home or even to work before that time. 
F. DifTerent timings and number of sampling as well as the inequality of the 
sample sizes 
Various studies available in the literature carried out sampling with timings and 
numbers for biomarkers' estimations, and this has created difficulty in the comparison 
and interpretation of our results with them. Furthermore, inequality of the sample size 
is also an important issue and this should be chosen after doing power of analysis by a 
statistician as was done in the beginning of the present study. Only then reasonable 
comparison will be possible and recorded conflicting data if any will generate 
credibility and inspiration for more research to improve the quality of patient care and 
surgical outcome. 
Therefore, development of an international protocol for measurement and evaluation 
of surgery-induced systemic stress responses will be a really fruitfiil exercise that will 
not only translate into improved quality of patient care and favourable clinical 
outcome but also provide an impetus for improving the research orientation in 
developing countries where main thrust still lies in serving the already stressed people 
with the available bare resources and facilities. 
G. Problem of Biochemical Lab outside Operation Theatre (OT) premises 
I felt a small but definite problem of Biochemical Lab situated outside Operation 
Theatre premises for preparing and storing samples as well as measuring the 
biomarkers in terms of transport delays and dependency on the staff of the other 
department. 
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A little older technology of High Pressure Liquid Chromatography (HPLC) or 
Polymerase Chain Reaction (PCR) available at the Agricuhural Institute of the 
University, where major portion of the present laboratory work was carried out, could 
not be timely utilized for verification of ELISA-based results due to some non-
technical reasons. Application of these techniques in a newly designed study may give 
more insights into the surgical stress response. 
C. Inability to incorporate certain more groups of patients in combination with 
GA (General anaesthesia) 
Addition of neuronal blockade such as epidural analgesia or splanchnic nerve block, 
or peri-incisional local anaesthetic infiltration in the present study would have 
provided invaluable data on therapeutic modulations of the surgery-induced stress for 
our local population. This limitation was knowingly accepted because of the fear of 
non-feasibility of too much prospective research work against the background of the 
perpetual resource crunch made palpable to us all the time. 
D. Laparoscopic abdominal hysterectomy 
This procedure is not yet being performed at our institution and therefore could not be 
included in the present study ahhough its inclusion would have definitely contributed 
towards better understanding of surgical stress and its modulations. This limitation 
was out of our control and is currently persisting. 
E. Problem of sampling beyond 1-2 day in LC group 
Since our society is still a traditional one with ingrained psychology on the concept of 
discharge from the hospital after removal of the stitch(es) and apprehensive reluctance 
on the early discharge, sampling beyond post-operative day 1-2 was not a problem 
after lap cholecystectomy in majority of our patients as they happily stayed post-
operatively for four days required for the present study. But sampling beyond post-
operative day 1-2 was a definite problem in a few patients after lap cholecystectomy 
who were not ready to stay in the hospital post-operatively beyond day 1-2 as they did 
not have any complaint/ problem related to the procedure, and who were finding it 
difficult to attend the follow-up clinic on the very 4th post-op day. 
424 
LIMITATIONS OF Ph. D. THESIS 
8. LIMITATIONS OF Ph. D. THESIS 
A. Inability to incorporate some of the more promising and newer bio-markers 
With the increasing pace of investigation in the otherwise fascinating field of 
endoscopic surgery, certain newer bio-markers like pro-inflammatory mediators (IL-
1, IL-6, IL-18, and HMG--l(high mobility group protein), etc.) and anti-inflammatory 
mediators (cytokine IL-10, etc.) are proving more promising for evaluating surgery-
induced systemic stress responses. Some of them have been recently established as 
more dependable and their inclusion in the present study would have provided 
valuable data on assessment of the surgical stress in relation to our local population 
with possible therapeutic modulations for better quality of patient care and favourable 
clinical outcome. This limitation was knowingly accepted at the design level of the 
present study because of the fear of non-feasibility of too costly newer investigations 
in our secondary care government-aided teaching hospital with limited resources and 
facilities. 
However, at this time of completion of the present study, I find the thrust and 
enthusiasm of the present Vice-Chancellor of the University currently targeted 
towards better quality of research work and hope that this resource crunch for the 
quality research work may not be a major limiting factor in recent future at our 
institution catering mainly patients belonging to the uneducated poor socio-economic 
class. 
B. Problem of non-application of newer technologies for biomarker estimation 
Newer technology like DNA microarray analysis which has become the standard of 
the time for validation of data, is currently not available at our institution and hence 
could not be utilized in the present study. As a bio-marker may be expressed in 
minimal or subtle concentrations too difficult to detect easily and accurately, and its 
biological half-life may be very short like less than a few minutes, the usefiilness of 
the data varies in direct proportion to the care with which they have been obtained and 
to the precise use to which they are put as emphasized long back by Bravo and Tarazi 
(1982) and Derbyshire and Smith (1984). 
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Immune function with respect to TNF-alpha was found well preserved in laparoscopic 
surgery not only during the intra-operative period but also during the post-operative 
period as there was practically little or no expression of TNF-alpha during the 
operation and only mild insignificant expression on the 4*" post-operative day. On the 
other hand, in both the open groups, immune fimction with respect to TNF-alpha was 
found well preserved only during the intra-operative period as in the laparoscopic 
group but there was significant post-operative enhancement of TNF-alpha expression, 
indicating delayed immune suppression. The inter-group difference between open 
cholecystectomy and open hysterectomy was insignificant throughout the peri-
operative period, suggesting equal immunological responses between the two open 
groups. 
With respect to acute-phase reactant response, C-reactive protein (CRP) in all the 
three groups showed gradually increasing enhancement of expression during the intra-
operative period with further accentuation in the post-optative period (>3 fold 
increase in LC group and >6 fold increase in both open groups). Inter-group CRP 
difference between LC and OC groups was found insignificant at all time points 
throughout the peri-operative period, indicating similar acute-phase responses in the 
two techniques of cholecystectomy. The statistical intergroup CRP difference between 
LC and OH groups was found insignificant in the intra-operative period but 
significant in the post-operative period, suggesting delayed higher acute-phase 
response secondary to longer duration of time required for open hysterectomy with 
greater visceral tissue dissection. Inter-group CRP difference between OC and OH 
groups was found insignificant throughout the intra-operative period and on the 4* 
post-operative day, indicating almost similar acute-phase responses in the two open 
surgery groups. 
With respect to haemodynamic response, all the three groups recorded significantly 
increased intra-operative changes in heart rate, arterial blood pressure and rate-
pressure product all of which normalized in the post-operative period, with two 
noticeable differences- firstly, all haemodynamic parameters showed much more 
accentuation soon after start of the laparoscopic surgery as compared to the open 
surgery, and secondly, open hysterectomy group experienced mild bradycardia 
instead of tachycardia in the initial part of the intra-operative period though 
statistically insignificant. Treated hypertensive patients showed much more 
haemodynamic changes as compared to normotensive patients in all the three groups. 
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In nutshell, the present work does verify the rapidly evolving current evidence 
that the laparoscopic cholecystectomy is as stressfiil as the open surgery 
intraoperatively in terms of metabolic, hormonal and haemodynamic responses due to 
the mechanical effects of high pressure pneumoperitoneum ahhough associated with 
earlier postoperative normalization and should be taken as seriously as any major 
surgery not only in hypertensive patients but also in normotensive patients. 
Furthermore, laparoscopic cholecystectomy patients experienced significant peri-
operative immune preservation (Minimal TNF-alpha alterations in intra-and post-
operative periods as compared to the open surgery groups) and much less acute-phase 
reactant expression (50 % CRP expression less than in open surgery groups). That 
means, earlier metaboUc hormonal response normalization, lesser acute-phase reactant 
expression and significant peri-operative immune preservation following laparoscopic 
cholecystectomy are possible major determinant factors that usually lead to the 
commonly observed distinct clinical efficacy of laparoscopic cholecystectomy as also 
evident in the present study. 
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7. CONCLUSIONS 
With the monumental popularity and public acceptance of newer technology-based 
laparoscopic cholecystectomy within a short span of last 15 years, there is currently 
considerable interest on the systemic stress response secondary to the effects of 
laparoscopic and open surgery in order to better understand surgical pathophysiology 
so that the involved stress factors may, if feasible under clinical situations, be 
modulated for better quality of patient care and favourable surgical outcome. The 
stress response embraces hypophyseal, adrenocortical, and metabolic changes in 
addition to sympathoadrenal activity. 
The present study measured and compared the classical metabolic (s-glucose), 
hormonal (s-cortisol, s-epinephrine and s-norepinephrine), immunological (Tumour 
necrosis factor alpha), acute-phase reactant (C-reactive protein) and haemodynamic 
(heart rate, systolic and diastolic arterial blood pressures, mean arterial pressure and 
rate-pressure product) responses during intra-operative and post-operative periods 
after laparoscopic cholecystectomy (LC), open cholecystectomy (OC) and open 
abdominal hysterectomy (OH) in a poor socio-economic subset of Indian population. 
The study was self-designed. It was carried out in a prospective controlled 
randomized manner after approval by the Board of Studies and the Committee of 
Advanced Scientific Research of the University which partly provided the fiinds for 
the ELISA-based laboratory measurements of the serum concentrations of the bio-
markers. The peri-operative anaesthetic and pharmacological management were 
standardized to a set protocol in order to eliminate or at least minimize their bias in 
the study. 
The present study recruited normal healthy aduh patients (ASA Class I) and treated 
hypertensive patients without any other co-morbidity (ASA Class H), having mean 
age of 31, 33 and 45 years in the LC, OC and OH groups respectively. 
The present study recorded marked intra-operative metabolic hormonal responses 
equally in all the three groups, which in the post-operative period not only normalized 
but also suggested presence of significant pre-operative mental stress; however, post-
operative normalization after laparoscopic cholecystectomy was earlier than in the 
open groups. 
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13) Finally, we correlated the stress biomarkers findings with hemodynamic 
parameters recorded on the time of blood sampling. We found 
cholecystectomy and hysterectomy are stressfol procedures which modify the 
stress response significantly, either performed through open incision or 
laparoscopically. 
14) Following laparoscopic surgery, the stress hormonal responses were more 
pronounced during intraoperatively period. However, in the postoperative 
period catabolic hormonal responses were more obvious and continued after 
abdominal hysterectomy and open cholecystectomy. 
15) The hypothesis that a laparoscopic cholecystectomy results in less operative 
stress is only partly substantiated by analysis of plasma Cortisol, plasma 
glucose, epinephrine and norepinephrine, CRP and TNF-a responses to 
surgery-induced injury. As advocated by Hayes et.al (1996), we would caution 
against over enthusiastic ambulatory laparoscopic cholecystectomy on the 
rational but unproved assumption that early discharge will lead to occasional 
delay in diagnosis and management of long term complications. 
16) The society of American Gastrointestinal and Endoscopic Surgeon (SAGES) 
2005 Guidelines assume greater significance in view of present study as better 
surgical skill will minimize the visceral tissue dissection Trauma with 
attenuation of various acute phase responses that are deciding factor for the 
final outcome as evident by perioperative modulation of TNF-a and CRP 
However , this also reflects that these selective stress markers have a Hmited 
role in the clinical assessment of immune stress responses and tissue trauma. 
Our finding warrants the search for more sensitive biomarkers for peri and 
postoperative management of surgical patients. 
17) The insult associated with pneumoperitoneum cannot be under scored 
specially in high risk cardiopulmonary disease patients (Wittgen et al, 1991). 
419 
SUMMARY OF THE RESULTS 
maximum rise at half an hour after incision and post-operative decrease to 
lower than the pre-op value by 4 - 9.5 %. 
6) LC-Normotensive subgroup showed intra-operative increase in RPP with 
maximum rise at half an hour after incision in a fashion similar to LC-
Hypertensive subgroup but to a lesser degree and post-operative decrease to 
lower than the pre-op value by 8.6 - 9.5 %. 
7) OC-Normotensive subgroup revealed persistently high RPP throughout the 
intra-operative period and complete normalization post-operatively to the pre-
op value. 
8) OH-Normotensive subgroup showed minimal rise (<2 %) at half an hour after 
incision and mild increase at the end of surgery (11%) and then post-operative 
decrease to lower than the pre-op value by 7 %. 
9) Dangerous level of RPP was crossed only in the Hypertensive patients 
undergoing laparoscopic cholecystectomy soon after start of surgery (half an 
hour), suggesting real high risk in these patients. 
10) Mild RPP increase (8 %) persisting even on the 1^ post-op day in 
Hypertensive patients of LC group in absence of complication indicates 
continued higher myocardial oxygen consumption even after 24 hours of 
surgery that is apparently correlated to the high pressure 
carbopneumoperitoneum. 
11) All subgroups except OC-Normotensive experienced 4 -9.5 % fall below the 
pre-op value on the 4 post-op day, indicating presence of significant degree 
of pre-operative mental stress due to surgery-related anxiety and apprehension, 
especially with respect to the newer technology or removal of uterus. 
12) In nutshell, by standardizing and minimizing peri-operative physiological , 
pharmacological and pathological variables in the present prospective 
randomized control clinical trial , we have demonstrated specific surgical 
procedure and surgical site related changes in stress biomarkers .We assessed 
the role of blood glucose , Cortisol, epinephrine, norepinephrine, CRP, TNF-a 
levels as tentative stress markers in correlating the extent of perioperative 
metabolic, hormonal changes and immunomodulation during open and 
laparoscopic cholecystectomy and abdominal hysterectomy (as a control) in a 
subset of an Indian population. 
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increased sympathetic tone resulting from reflex activity (Marshall et al, 
1972)/ baro-reflexes (Greim et al, 2003) or vasopressin release secondary to 
peritoneal stretching/ stimulation and decreased venous return to the heart as 
emphasized by Lentschener et al (1997 and 2001). 
10) In OC group, correlation of arterial blood pressure changes and plasma 
catecholamine changes seems good (Table 4-220). Therefore, the causal 
mechanisms for these changes may include peritoneal stretching and 
stimulations in open surgery causing vasopressin release as emphasized by 
Lentschener et al (2001), or direct stimulation of sympathetic nervous system 
as emphasized by Katz and Bigger (1970), Orloff (1981) and Haleem et al 
(1991), or increased sympathetic tone resulting from reflex activity (Marshall 
etal, 1972). 
11) In OH group, correlation of arterial blood pressure changes and plasma 
catecholamine changes does not hold good. Hence, role of factors involved in 
the open surgery as discussed in the OC group assumes importance for 
causation of equally significant alterations in arterial blood pressure and other 
haemodynamic parameters. 
6.3.3. Rate-Pressure Product 
1) RPP, a major determinant of myocardial oxygen consumption, increased 
during the intra-operative period in all the three groups and decreased 
markedly to lower than the pre-op value. 
2) LC (combined) group showed maximum intra-operative increase in RPP with 
rapid peaking (29.6 % increase) at half an hour after start of surgery and then 
post-operative decrease to lower than the pre-op value by 8.5-9.5 %. 
3) OC (combined) group revealed persistently high RPP (21 - 23 % increase) 
throughout the procedure and then experienced post-operative normalization 
to the pre-op value (<3 % difference). 
4) OH (combined) group showed gradual intra-operative rise in RPP with a 
maximum of 14 % increase at the end of surgery and then postoperative 
decrease to lower than the pre-op value by 4-5.5 %. 
5) Hypertensive patients in all the three groups (LC, OC & OH) experienced 
greater intra-operative increase in RPP than Normotensive patients with rapid 
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3) In OC group, all variables of arterial blood pressure (systolic, diastolic and 
mean) were increased significantly during intra-operative period with minor 
differences at half-an-hour after incision and end of surgery, and all of them 
returned to near or even below the pre-operative level on the very 1^ ' postop 
day. 
4) These observations of OC group are at a little variance to those seen in the LC 
group where rapid peaking effect at half-an-hour was noted in all the variables 
of arterial blood pressure (systolic, diastolic and mean), 
5) This implies that both open and lap cholecystectomy procedures are equally 
stressful with similar intra-cavitatory management with only one difference at 
half-an-hour after incision and that was due to additional mechanical effect of 
the pneumoperitoneum during lap cholecystectomy which was not found to be 
additive in the subsequent part of the procedure. 
6) In the OH group, all variables of arterial blood pressure (systolic, diastolic and 
mean) were increased significantly during intra-operative period and their 
normalization took place on the very 1^* post-operative day. However, it is 
interesting to note that systolic and mean arterial blood pressure achieved peak 
at half-an-hour after incision while heart rate and RPP showed peaking effect 
at the end of the surgery; however minimal changes were seen in the diastolic 
blood pressure. 
7) The significant intra-operative increases in the arterial blood pressures 
(systolic, diastolic and mean) observed in the present study were accompanied 
by the significant intra-operative increases in plasma epinephrine and 
norepinephrine concentrations in the present study. 
8) Intra-operative increase in arterial blood pressures and plasma concentrations 
were individually highly significant but the time course pattern was found 
different: peaking of the arterial blood pressures (systolic, diastolic and mean) 
occurred at half-an-hour after incision while plasma catecholamines achieved 
peak at the end of surgery, suggesting interplay of additional factor(s). 
9) The most probable factors for maximal haemodynamic changes soon after 
creation of the pneumoperitoneum include pneumoperitoneum-induced 
compression of intra-abdominal great vessels as emphasized by majority of 
investigators or direct sympathetic nervous system stimulation as emphasized 
by Katz and Bigger (1970), Orloff (1981) and Haleem et al (1991) or 
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13) In OH group, initial intra-operative phase, that is, half-an-hour after incision, 
revealed a small decrease in heart rate though statistically not different from 
the pre-operative level (p>0.05). This is in sharp contrast to the finding of 
significant increases in heart rate at half-an-hour after start of surgery 
following laparoscopic as well as open cholecystectomy. This reflects over all 
parasympathetic predominance as is commonly seen in the clinical practice in 
relation to the uterine cervical dilatation. 
14) Inter-group differences among LC, OC and OH Groups revealed that all the 
three groups showed significant intra-operative tachycardia with slight 
variations - tachycardia was recorded throughout the whole procedure in LC 
as well as OC group, but tachycardia was seen only in the later part of the 
procedure in the OH group. 
15) In the post-operative period, all the three groups exhibited not only 
normalization but also decrease of the heart rate lower than the pre-operative 
level - the decrease being statistically significant (p<0.05) only in LC group 
but the decrease being insignificant (>0.05) in OC & OH groups, indicating 
presence of varying degrees of pre-op procedure-related mental stress. 
6.3.2. Arterial Blood Pressure Response 
1) In LC group of the present study, all variables of arterial blood pressure 
(systolic, diastolic and mean) changed in a manner similar to HR and showed 
significant intra-operative increase with rapid peak effect at half-an-hour after 
incision, and significant post-operative decrease which was found lower that 
the pre-operative level even on the 4*'' day (p<0.05). These findings are in 
consonance with those of earlier studies ((Johannsen et al, 1989; Torrielli et 
ai, 1990; Westerband et al, 1992; Rademaker et al, 1994; Dorsay et al, 1995; 
Bannenberg et al, 1997; Branche et al, 1998). 
2) The arterial blood pressure changes were found more pronounced in 
hypertensive patients of LC group (15 % increase in MAP and 51.64 % 
increase in RPP) as compared to that of normotensive patients of LC group 
(10.4 % increase in MAP and 22.51 % increase in RPP), indicating higher risk 
in patients susceptible to myocardial ischaemia during lap cholecystectomy as 
also emphasized by Westerband et al (1992). 
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7) In the combined OC group of the present study, significant intra-operative 
tachycardia with peak at the end of surgery (12 % increase; p<0.001) was 
followed by normalization of heart rate on the 1st and 4th post-operative days. 
In both normotensive and hypertensive sub-groups of OC, heart rate 
alterations in the intra-operative and post-operative phases were found similar 
as those seen in the Combined OC group, and the inter-subgroup differences 
were statistically insignificant at all the end points (p>0.05). 
8) HR changes after open cholecystectomy (OC) were found almost similar to 
those observed after lap cholecystectomy (LC), with no significant inter-group 
differences at any of the five end points (p>0.05). However, slightly different 
patterns of change in the two groups need a little attention. 
9) In LC group, peaking occurred immediately after start of the procedure while 
peak in OC group was achieved at the completion of the surgery. This 
suggests that acute rise in the intra-abdominal pressure, that is, 
pneumoperitoneum produces much more adrenergic stimulation than the 
surgical procedure itself but does not have an additive effect at the end of 
operation. 
10) The intra-operative change in heart rate noted in treated hypertensive patients 
undergoing laparoscopic cholecystectomy (LC) was found considerably higher 
as compared to that seen in the treated hypertensive patients undergoing Open 
cholecystectomy (p<0.001), suggesting again the impact of high pressure 
pneumoperitoneum. 
11) OH group exhibited heart rate changes in a fashion almost similar to those 
seen in the other open surgery group, that is, OC group - significant intra-
operative tachycardia with peak at the end of the procedure and post-operative 
normocardia on 1^  day onward. This confirms that similar adrenergic 
stimulation was exhibited not only after lower but also upper abdominal open 
surgery. 
12) Inter-subgroup difference between the heart rate responses of the 
normotensive (n=15) and hypertensive (n=6) patients who underwent open 
hysterectomy was not significant at any of the five end points (p>0.05). This 
inter-subgroup difference in OH group is exactly similar to that seen in the OC 
group but dissimilar to that of LC group. 
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6.3. HAEMODYNAMIC RESPONSE 
6.3.1. Heart Rate Response 
1) In the LC combined group (n=21), heart rate increased rapidly half an hour 
after incision (14% increase) and then decreased at the end of surgery after 
deflation of pneumoperitoneum (7% increase as compared to the preop heart 
rate). 
2) The heart rate practically normalized on T* postoperative day onward (only 2 
percent change). 
3) In normotensive patients (n=16) of the LC group, heart rate increased 
significantly at half an hour after start of surgery (9.4 % increase; p=0.002), at 
the end of surgery (4.7 % increase; p<0.05) and also on the 1^  postoperative 
day (3.52 % increase; p<0.05), and it normalized only on the 4^ post operative 
day (2.35 % increase; p>0.05). This is in consonance with the findings of 
Lentschener & Benhamou (1996) and Longhurst et al (1981). 
4) In the treated hypertensive patients (n=5) of the LC group, heart rate markedly 
increased at half an hour after incision (23.5 % as compared to 9.4% in 
normotensive patients; p=0.001) and following deflation of 
pneumoperitoneum at the end of surgery (10.20% vs. 4.7% in normotensive 
patients; p=0.003). That means/in this way, heart rate response in treated 
hypertensive patients of LC group was remarkably different from that of 
normotensive patients of the same LC group. 
5) Heart rate changes in the postop period were small in both the subgroups of 
LC but they were found significantly different firom each other on the 1^  
postop day (p<0.05). 
6) Earlier normalization of HR on the very 1^ ' post-operative day as compared to 
normotensive patients may possibly be a reflection of necessary chronic 
medication in the treated hypertensive patients as explained by Danzing and 
associates (2005). 
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3) OH group (n=21) recorded TNF-alpha expression in a manner exactly 
similar to that seen in LC group. 
4) Thus TNF-a showed a characteristic pattern of delayed rise in the post-op 
period which reached its peak value on 4* postoperative day, and the 
increased TNF-a production was more marked in open groups (open 
cholecystectomy and open hysterectomy) as compared to the laparoscopic 
group, although the inter-group difference was not found statistically 
significant (>0.05). 
5) Thus Lap Cholecystectomy was found as stressfiil as Open 
Cholecystectomy or Open Hysterectomy. 
6) OC group recorded one exceptionally high value of TNF-alpha on 4th 
post-op day in I out of 21 patients. When this abnormal reading was 
excluded, time course pattern revealed statistically significant 
enhancement of TNF-alpha expression at half an hour after incision 
(p<0.0.5) as well as on 4th post-op day (p<0.001). However, comparison 
of this significant time course (n=20) with the LC group (n=21) did not 
reveal statistical inter-group difference (p>0.05) at any of the five end 
points. 
7) Thus an unexplained exceptionally abnormal reading in the present study 
did not aflfect the overall results of TNF-alpha expression in the OC group, 
validating the adequacy of the sample size for each group of the present 
study. 
8) Thus the similar intra-op acute phase responses in the demographically and 
technically comparable lap and open groups reflecting equal visceral tissue 
dissectional trauma in the present study confirms that equal visceral tissue 
dissectional trauma is the sole or at least major determinant of surgical 
stress and difference in the parietal tissue injury with respect to the total 
wound size (2 cms in LC vs. 6-9 cms in OC) did not really matter. 
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4) In the OC group, accentuated intra-operative epinephrine response with 
peaking at the end of surgery (-2.5 fold increase at half an hour after 
incision and >3.5-foId increase at end of surgery) was recorded and then it 
decreased slightly but persisted significantly high (>2.5-fold) on the l" 
post-op day (p<0.001), indicating marked systemic stress response not 
only in the intraoperative period but also in the post-operative period until 
1^ post-op day. 
5) On the 4**' post-op day in the OC group, the plasma epinephrine level 
decreased markedly and was found only 5 % lower than the pre-op value, 
suggesting again the presence of at least some degrees of pre-op stress in 
these patients possibly secondary to the procedure-related anxiety and 
apprehension. 
6) In spite of intense pneumoperitoneum and peritoneal stretching during 
intra-operative period, inter-group difference between epinephrine 
responses of LC and OC was not significant (p>0.05), indicating similar 
intra-operative systemic stress responses in the two techniques of 
cholecystectomy. 
7) On the 1^ post-op day, inter-group difference between epinephrine 
responses of LC and OC was significant (p<0.001), indicating markedly 
higher stress response persisting in the OC group on 1^ day as compared to 
the LC group. 
8) On the 4 post-op day, inter-group difference between epinephrine 
responses of LC and OC was not significant (p>0.05), indicating 
statistically similar fall in epinephrine concentration below the pre-op level 
in both LC and OC groups although percentage fall below pre-op level on 
4* day seems apparently quite different between the two groups (17 % in 
LC group versus 5 % in OC group). 
9) In OH group of the present study, the epinephrine response followed the 
exact pattern of the epinephrine response of open cholecystectomy (OC) 
group to the similar degrees during both the intra-operative and post-
operative periods. 
10) In the OH group, there was 2-fold increase at half an hour after incision 
and 3.5-fold increase at end of surgery and then slight decrease on 1^* post-
op day with ~2.5-fold increase with respect to the pre-op value, indicating 
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11) In the OH group, Cortisol concentration significantly increased during the 
intra-operative period and peaked at the end of surgery with an 
approximately 282% enhancement (p<0.001) in consonance with the 
finding of Moore et al (1994). 
12) The high intra-operative Cortisol concentration in OH group did not return 
to the preoperative level even on 4* postoperative day (p<0.001) - a 
finding at variance with that of Moore et al (1994). 
13) Inter-group difference between the LC and OH groups were statistically 
significant not only during the intra-operative period but also during the 
postoperative period (p<0.05 at half-an-hour and p<0.001 at other time 
points), with markedly lesser Cortisol response following lap chole. 
14) Inter-group difference between the OC and OH groups was not significant 
statistically (p>0.05) at all the time points, indicating the similar stress 
responses in the two open groups in terms of serum Cortisol changes. 
6.2.3. Serum Epinephrine Response 
1) In LC group of the present study. There was slow intraoperative rise in 
epinephrine concentration with peaking at the end of surgery (~2-fold 
increase at half an hour and ~3-fold increase at the end of surgery) and 
then it decreased markedly on the f post-op day with only 1.3-fold 
increase though still different statistically from the pre-op value (<0.05) in 
full agreement with the observations of Ratge et al (1990), Anand and 
Hickey (1992), Glaser et al, (1995) and Ortega et al (1996). 
2) That means, laparoscopic cholecystectomy was associated with marked 
intra-operative systemic stress response and significant stress was 
continued in the post-operative period until 1^  post-op day. 
3) On 4* postoperative day in the LC group, the epinephrine concentration 
decreased fixrther and was recorded 17 % lower than the preoperative 
value, indicating presence of pre-op stress in these patients most probably 
secondary to the procedure-related anxiety and apprehension, mainly in 
relation to newer technology as seen also in relation to the Cortisol 
response in the present study. 
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6) Hypercarbia and hypoxaemia secondary to the pneumoperitoneum, factors 
known to produce heightened glucose response during surgery (Ortega et 
al, 1996; HendoUn et al, 2000; Luo et al, 2003; Koivusalo et al 1998; 
Coskun et al, 2000) cannot be regarded as the possible causal factors 
because these two complications did not occur in any of the patients 
studied in the present series. 
7) The adverse influence of wound pain on respiration with resultant 
hypoxaemia cannot be ignored as it is known to produce heightened 
glycemic response (Chumillas et al, 1998; Ali and Gana, 1998; and Larsen 
et al, 2002) and it has more pronounced and long-lasting impact on 
patients' convalescence in open cholecystectomy than in laparoscopic 
surgery. This may be the reason why the intergroup difference in the 
glycemic response was found significant (<0.001) on the 1st and 4th 
postoperative day between the both the lap and open groups and 
insignificant (>0.05) between the two open groups (OC vs. OH). 
8) The intergroup difference between OC and OH was found insignificant, 
indicating equal metabolic stress response in the two open groups. 
9) The intergroup difference between laparoscopic and open surgery groups 
was found highly significant at all the four end-points following start of 
the operation (p<0.001), indicating stronger and longer lasting glycaemic 
response following open surgery in the present study. 
6.2.2. Serum Cortisol Response 
1) In LC group, serum Cortisol level increased significantly at half-an-hour of 
surgery (p<0.001) and peaked at the end of surgery with approximately 
167 % enhancement (p<0.001), indicating that even straightforward easy 
lap cholecystectomy is also a stressful procedure. 
2) The high intra-op Cortisol level in LC group decreased to near preoperative 
value on 1** postoperative day (p>0.05), indicating complete normalization 
from the surgical stress after lap chole. 
3) The short-lived accelerated Cortisol response during the intra-operative 
period in the LC group with rapid normalization to the pre-operative level 
on the very 1^  post-op day is in full agreement with the observations of 
other investigators (Joris et al, 1992; Mealy et al, 1992; Redmond et al, 
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1994, Ortega et al, 1996; Aono et al, 1998; Hendolin et al, 2000; 
Mendoza-Sagaon et al, 2000; Crema et al, 2005). 
4) The peritoneal stretching during laparoscopy seems to be the important 
contributory factor for accentuated hormonal (and metabolic) response 
with stimuli for the stress response arising from visceral and peritoneal 
afferent nerve fibres in addition to those from the abdominal wall as 
emphasized by Rademaker and colleagues (1994), Desborough (2000) and 
Adhikary & Korula (2004). 
5) In the LC group, the Cortisol concentration on 4* postoperative day was 
recorded significantly less than the preoperative value (p<0.001), 
suggesting presence of significant degree of pre-operative stress due to 
marked anxiety and apprehension, especially in relation to the newer 
technology and key-holes of lap chole. 
6) This also indicates that sampling immediately prior to induction of 
anaesthesia and surgery is not really representative of the base line 
concentration of the bio-marker. 
7) In OC group, increased Cortisol concentration during the intra-operative 
period also peaked at the end of open surgery with an approximately 229 
% enhancement (p<0.001), indicating greater stress following open 
cholecystectomy as compared to the lap chole. 
8) The high intra-operative Cortisol concentration in the OC group did not 
return to the preoperative level even on the 4* postoperative day (p<0.001) 
as compared to the LC group, suggesting continued surgical stress in the 
late post-op period after open chole. 
9) The inter-group difference between intra-op Cortisol responses of the LC 
and OC groups in the present study was statistically significant (p<0.05) 
with lesser degrees of Cortisol response following lap cholecystectomy in 
accordance with findings of Glaser et al (1995) and Haq et al (2004). 
10) The inter-group difference between post-operative Cortisol responses of the 
LC and OC groups in the present study was statistically significant 
(p<0.001) with markedly lesser Cortisol response following lap 
cholecystectomy as compared to open cholecystectomy in accordance with 
the findings of Luo et al (2003), Karayiannakis et al (2005) and Crema et 
al (2005). 
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6.2. SYSTEMIC BIOCHEMICAL RESPONSES 
6.2.1. Serum Glucose Response 
1) In the LC group of the present study, rapid increase and persistent high 
plateau of blood glucose during the intraoperative period was recorded and 
early normalization took place on the very 1 st postop day in concordance 
with the findings of Rademaker et al (1991) and Aono et al (1998). 
2) Rapid accelerated metabolic response during intra-operative period in 
laparoscopic surgery points towards additional strain of 
pneumoperitoneum with peritoneal stretching as also emphasized by 
Rademaker et al (1994). This indirectly supported by the early 
normalization of glycemic response on the very 1st postop day. 
3) Both the open groups (OC & OH) in the present study recorded significant 
intraoperative increase and sort of high plateau effect of blood glucose 
during the intraoperative period but gradual late post-operative decline 
until 4th postop day even when the level did not return to the preop level 
(p<0.001). 
4) In the light of earlier reports of Engquist et al (1977), Tsuji et al (1983) 
and Moore et al (1994) on the inhibitory effect of epidural block on 
surgery-induced hyperglycaemic response, direct nervous system 
stimulation secondary to intra-abdominal visceral traction and stretching 
during open surgery appears to be an obvious plausible cause for enhanced 
secretion of Cortisol and catecholamines which is known to facilitate 
glucose production and which is recorded high in the present study and 
hence the intra-operative hyperglycaemic response in the open groups as 
seen in the present study. 
5) Increased myocardial oxygen consumption after surgery may be another 
explanation for extended metabolic responses following open surgery This 
is in accordance with our own observation of increased myocardial oxygen 
consumption as > 20 % increase in rate-pressure product (RPP) during 
open cholecystectomy and 14 % following open abdominal hysterectomy 
recorded in the present study 
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6. SUMMARY OF THE RESULTS 
6.1. DEMOGRAPHIC DATA 
6.1.1. Age Distribution 
Present study recorded the patients' age (Mean±SEM years) of 31.24 ±1.03 and 
33.10±1.06 years in LC and OC groups respectively that were found statistically 
comparable (P>0.05), in consonance with other studies including that of Ortega et al 
(1996) who also reported almost similar age of 34 ±2 and 33 ±3 years for 
laparoscopic and open groups respectively. 
The mean age of the patients in hysterectomy group was 44.86±1.10 years and it was 
expectedly found not comparable to the mean age of patients in either LC group or 
OC group (p<0.001). This is in agreement with other studies as hysterectomy is 
usually indicated for benign diseases in majority of patients beyond the reproductive 
age. 
Age Range was found 18-42 years in LC group; 22-50 years in OC group; 35-55 
years in OH group. 
6.1.2. Sex Distribution 
All patients in the three groups (LC, OC and OH) were found to belong to the female 
sex and hence gender bias was eliminated in the present study, especially with respect 
to comparison of hysterectomy and biliary surgery. 
6.1.3. Body Mass Index (BMI) 
All patients in the present study had normal weight as per the WHO criteria (<25 
Kg.m-2) and BMI (MeaniSEM) was found 18.60, 19.12 and 21.26 Kg.m"^  in the LC, 
OC and OH respectively which were found statistically comparable (p>0.05). 
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5.8.6.3. Acute-Phase Reactant Response and Duration of surgery (Table 5-23) 
All the three groups recorded strong positive correlations between the duration of 
surgery and CRP expressions (r > +0.7), suggestive of increasing inflammatory 
response with the increasing duration of surgery. 
However, Ohzato et al (1992) found no correlation between ACRP and duration of 
surgery (r = 0.307, NS) in patients who underwent upper abdominal open surgery 
including cholecystectomy (n=3). 
5.8.6.4. Immune Response and Duration of surgery (Table 5-23) 
Strong negative correlations were detected between TNF-alpha expression and 
duration of surgery not only in the LC group but also in the OH group. 
On the other hand, the OC group recorded no correlation between TNF-alpha 
expression and duration of surgery. 
Kristiansson et al (1999) did not find any correlation between cytokine expression and 
duration of surgery in LC as well as OC group. 
Ohzato et al (1992) reported close correlation between A Cytokine (IL-6) and duration 
of surgery (r = 0.497, p<0.01) in patients who underwent upper abdominal open 
surgery, including cholecystectomy (n=3). 
Our findings are in partial agreement with observations of Cruickshank et al (1990) 
who recorded positive correlation between duration of surgery and magnitude of 
cytokine expression (IL-6) in patients undergoing elective surgery of varying severity. 
These observations support the suggestion of Kristiansson and colleagues (1999) that 
the severity and the extent of the trauma (Surgical tissue dissectional trauma) are 
possibly more important than the operating time per sefor the magnitude of surgical 
stress responses in terms of various mediators and biomarkers. This is becoming 
more evident in view of the fact that in recent times, the complex surgeries are 
increasingly carried out for hours together by both techniques - laparoscopic and open 
but without gross homeostatic disturbances and with favourable outcomes. However, 
their suggestion, based on only cytokine expressions, of lap chole to be regarded as a 
minor surgical procedure appears untenable because it is the net result of the 
multifactorial interactions of a battery of homeostatic factors, some understood 
appreciably and many others still less or even least understood especially under 
clinical circumstances, that will decide the magnitude of a surgical operation so that 
therapeutic modulations and interventions may lead to the improved quality of patient 
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care as well as to achieve the favourable outcome not only satisfactory to the surgico-
anaesthetic team but also, more importantly in the current era of the expanding 
marketing forces, satisfactory to the increasingly aware patients. 
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Table 5-23: Correlations between Duration of Surgery & Bio-markers 
Correlation 
Between Duration of 
surgery & Bio-
marker 
Duration of surgery 
vs. Glucose 
Duration of surgery 
vs. Cortisol 
Duration of surgery 
vs. Epinephrine 
Duration of sui^ery 
vs. Norepinephrine 
Duration of surgery 
vs. CRP 
Duration of surgery 
1 vs. TNF-alpha 
Laparoscopic 
Cholecystectomy 
Pearson 
correlation 
Coefficient (r) 
+0.607 
+0.483 
+0.992 
-0.636 (WN) 
+0.986 
-0.999 (SN) 
Open 
Cholecystectomy 
Pearson 
correlation 
Coefficient (r) 
-0.988 
-0.318 
+0.975 
-0.292 (WN) 
+0.826 
+0.112 (NIL) 
Open 
Hysterectomy 
Pearson 
correlation 
Coefficient (r) 
+1.0 
+1.0 
+ 1.0 
+1.0 
+ 1.0 
-1.0 (SN) 
Pearson Correlation Coefficients. +0.7 to +1.0= Strong Positive (SP) associations; 
+0.3 to +0.7= Weak Positive associations; -0.3 to +0.3= No Correlation; -0.7 to -0.3= 
Weak Negative (WN) associations; -1.0 to -0.7= Strong Negative (SN) associations 
5.8.6.2. Hormonal Responses and Duration of surgery (Table 5-23) 
Cortisol's correlation with the duration of surgery followed the pattern in all the three 
groups exactly similar to the glucose's correlation to the duration of surgery, viz., 
weak positive in the LC group, weak negative in the OC group and strong positive in 
the OH group. In other words, correlations between the Cortisol response and the 
duration of surgery were also different in the two open groups. 
Strong positive correlations were observed between the duration of surgery and 
epinephrine response in the laparoscopic group and also in both the open groups (r > 
+0.7). 
Correlations between the norepinephrine response and the duration of surgery was 
found only weak negative (r = -0.7 to -03) in the lap chole and open chole groups but 
strong positive correlation (r = +1.0) was detected in the open hysterectomy group. 
399 
DISCUSSIONS 
In both the open groups (OC and OH), the correlations of s-norepinephrine as well 
as s-epinephrine with almost all the haemodynamic parameters were found weak 
positive (R = +0.3 TO +0.7) except in the case of epinephrine vs. systolic blood 
pressure where there was found no correlation at all (R < +0.3). 
This observation is in disagreement with that of Bickel et al (1991) who did not find 
any relevant correlation on linear regression analysis between catecholamines 
(epinephrine & norepinephrine) and haemodynamic changes even at a single time 
point during open cholecystectomy. 
5.8.6. Correlations with Duration of Surgery 
5.8.6.1. Metabolic Response and Duration of surgery (Table 5-23) 
Correlations between the glucose response and the duration of surgery were found 
entirely different in the three groups - weak positive in LC group, strong negative in 
OC group and strong positive in the OH group, suggesting that the operating time has 
little or no significance with respect to the magnitude of the metabolic response under 
different techniques but the severity and the extent of the surgical tissue dissectional 
injury may play sole or bigger role for the degree of the surgical stress response as 
suggested by Kristiansson et al (1999). 
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Table 4-221 (Reproduced): Haemodynamic Parameters vs. Catecholamines 
Correlations Between 
Haemodynamic 
Parameters & 
Catecholamines 
Epinephrine vs. HR 
Norepinephrine vs. HR 
Epinephrine vs. S.B.P. 
Norepinephrine vs. 
S.B.P. 
Epinephrine vs. D.B.P. 
Norepinephrine vs. 
D.B.P. 
Epinephrine vs. M.A.P. 
Norepinephrine vs. 
MAP 
Epinephrine vs. RPP 
Norepinephrine vs. RPP 
Laparoscopic 
Cholecystectomy 
Pearson 
Correlation 
Coefficient (r) 
0.661 
0.702 
0.696 
0.737 
0.531 
0.926 
0.663 
0.721 
0.672 
0.715 
Open 
Cholecystectomy 
Pearson 
Correlation 
Coefficient (r) 
0.670 
0.512 
0.283 
0.489 
0.505 
0.500 
0.615 
0.471 
0.660 
0.508 
Open 
Hysterectomy 
Pearson 
Correlation 
Coefficient (r) 
0.678 
0.532 
0.283 
0.411 
0.439 
0.411 
0.355 
0.350 
0.623 
0.529 
Pearson Correlation Coefficients: +0.7 to +1.0 Strong Positive associations; 
+0.3 to +0.7 Weak Positive associations; -0.3 to +0.3 No Correlation 
5.8.5. Correlations between Haemodynamic And Hormonal Responses 
Serum epinephrine and norepinephrine concentrations showed different correlations 
with the haemodynamic parameters in the laparoscopic and open groups over the 
longitudinal course of the study. 
In the laparoscopic group, strong positive correlations (R > +0.7) were found 
between serum norepinephrine concentrations and haemodynamic parameters (Heart 
rate, arterial blood pressures (systolic, diastolic and mean) and rate-pressure product) 
but the correlations between serum epinephrine concentrations and haemodynamic 
parameters (Heart rate, arterial blood pressures (systolic, diastolic and mean) and rate-
pressure product) were found only weak positive (R < +0.7). 
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catecholamines secondary to a certain amount of surgical tissue dissectional injury in 
laparoscopic as well as open surgery. 
Strong positive correlations (R > +0.7) were also observed between serum 
epinephrine and serum norepinephrine concentrations in all the three groups (LC, OC 
and OH) throughout the peri-operative period, suggesting parallel increases in the two 
catecholamines in response to a certain degree of the surgical trauma in laparoscopic 
as well as open groups of the present study. 
This observation is in partial agreement with the findings of Glaser et al (1995) who 
recorded parallel increases of both catecholamines in the LC group only while 
increasing norepinephrine concentrations were not parallel to the epinephrine 
responses in the OC group. They concluded that this is not unusual because similar 
catecholamine variations have been described by others after hysterectomy and 
cardiac surgery (Ratge et al, 1990) and probably reflect the different regulation of 
biosynthesis and release of these two catecholamines. 
5.8.4. Correlations between Immune Response & Acute-Phase Response 
In the Laparoscopic Cholecystectomy group, no correlation at all was found between 
TNF-alpha and CRP expressions over the longitudinal course of the study (R < +0.3) 
(Table 4-222), indicating that after lap chole, there was little or no immune response 
but still acute-phase response took place though much less than that in the open 
groups. It means that there is significant evoked acute-phase reactant response, even 
when immune ftmction is well preserved during laparoscopic cholecystectomy. 
However, both the open groups (OC and OH) recorded strong positive correlations 
between TNF-alpha and CRP expressions (R > +0.7), suggesting parallel changes in 
the acute-phase reactant and immune responses in the two open groups secondary to a 
certain amount of the surgical trauma. This support the opinion of Ohzato et al (1992) 
that TNF-alpha is a possible hepatocyte-stimulating factor (HSF) for inducing 
production of acute-phase proteins by the hepatocytes. 
Ohzato et al (1992) reported that ACRP was closely correlated (r = 0.623, p<0.001) 
with A Cytokine (IL-6) in patients who underwent upper abdominal open surgery 
including cholecystectomy (n=3). 
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The present study also recorded strong positive correlations (Pearson Correlation 
Coefficient R > +0.7) between serum glucose and serum catecholamines (both 
epinephrine and norepinephrine) concentrations over the longitudinal course of the 
study in all the three groups - LC, OC and OH (Table 4-222). 
These findings of significant metabolic and hormonal correlations in the present study 
are in full agreement with the observations of Glaser et al (1995). 
Table 4-222 (Reproduced): Correlations between Bio-markers in the 3 Groups 
Correlation 
Between 
Two Bio-markers 
Glucose vs. Cortisol 
Glucose vs. Epinephrine 
Glucose vs. 
Norepinephrine 
Cortisol vs. Epinephrine 
Cortisol vs. 
Norepinephrine 
Epinephrine vs. 
Norepinephrine 
TNF-alpha vs. CRP 
Laparoscopic 
Cholecystectomy 
Pearson 
Correlation 
Coefficient (r) 
0.913 
0.886 
0.905 
0.969 
0.983 
0.995 
0.279 
Open 
Cholecystectomy 
Pearson 
Correlation 
Coefficient (r) 
0.939 
0.903 
0.816 
0.920 
0.841 
0.979 
0.765 
Open 
Hysterectomy 
Pearson 
Correlation 
Coefficient 
(r) 
0.944 
0.862 
0.850 
0.870 
0.824 
0.982 
0.821 
Pearson Correlation Coefficients: +0.7 to +1.0= Strong Positive associations; 
+0.3 to +0.7= Weak Positive associations; -0.3 to +0.3= No Correlation. 
5.8.3. Correlations among the Hormonal Responses (Table 4-222) 
Ail the three groups (LC, OC and OH) also exhibited strong positive correlations 
between serum Cortisol and serum catecholamines (Both epinephrine and 
norepinephrine) concentrations over the longitudinal course of the study (R > +0.7), 
indicating that degree of Cortisol release was proportionately equivalent to that of 
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5.8. CORRELATIONS BETWEEN DIFFERENT PARAMETERS 
STUDIED 
5.8.1. Introduction 
I. Correlations Between Metabolic And Hormonal Responses: 
1. Glucose vs. Cortisol 
2. Glucose vs. Catecholamines (Epinephrine and 
Norepinephrine) 
II. Correlations Between Different Hormonal Responses: 
1. Cortisol vs. Catecholamines (Epinephrine and 
Norepinephrine) 
2. Epinephrine vs. Norepinephrine 
II. Correlations Between Immune Response And Acute-Phase 
reactant Response (TNF-alpha vs. C-Reactive Protein): 
III. Correlations Between Haemodynamic And Hormonal 
(Catecholamines) Responses: 
1. Norepinephrine vs. Haemodynamic Parameters 
2. Epinephrine vs. Haemodynamic Parameters 
IV. Correlations Between Parameters Studied And Duration of 
Surgery: 
1. Metabolic Responses and Duration of surgery 
2. Hormonal Responses and Duration of surgery 
3. Immune Responses and Duration of surgery 
4. Acute-Phase Reactant Responses and Duration of 
surgery 
5.8.2. Correlations between Metabolic and Hormonal Responses 
In the present study, strong positive correlations (Pearson Correlation CoefHcient R 
>+0.7) between serum glucose and serum Cortisol were found over the longitudinal 
course of the study in all the three groups - Laparoscopic Cholecystectomy (LC), 
Open Cholecystectomy (OC) and Open Abdominal Hysterectomy (OH) (Table 4-
222). 
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Rate Pressure Produ^ (1/100) 
(LC,OC& OH groups) 
Preop Hatfan End of 1st 4th 
hr surg postop postop 
-L£-CMesn -OC-CMe»n -OH-CMesn 
Normotensive Vs. Hypertensive 
LC group 
Preop Half an hr End of 
SUfg 
-LC-MTRPP(1/100) • 
1st 
postop 
4th 
postop 
•LC-HTRPP(1/100) 
RPP In Normotensive Patients 
(LCOC& OH Groups) 
NormotenshwVs. Hypertenshw 
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160 
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100 
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Preop Half an End of 1st 4th 
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140 
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Preop Half an End of 1st 4th 
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-LCRPPd/lOO) -OCRPP(l/jOO) —li—OHRPI>(ViaO) -OH-NTm>l>(l/100) -OH-HTIW>P(V100) 
Figure 5-10: Comparative RPP Changes in LC, OC & OH Groups & Subgroups 
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To some extent, the reduction in cardiac output depends on the level of intraperitoneal 
pressure (Williams and Murr, 1993; Ishizaki et al, 1993) but certain other factors 
seem to play a role in cardiovascular changes during laparoscopic cholecystectomy. 
Alishahi et al (2001) have reported that the effect on cardiac output varies from 
patient to patient even when the intraperitoneal pressure is kept at a constant level of 
12 mmHg. Certainly, the cardiac suppression induced by pneumoperitoneum appears 
to be well tolerated by relatively young fit patients (Kelman et al, 1972). However, 
the situation is likely to be different in patients at risk of perioperative cardiac 
complications (Feig et al, 1994; Safran et al, 1994). 
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Alishahi et al (2001) have reported that the effect on cardiac output varies from 
patient to patient even whe Furthermore, RPP level on the 1^  postoperative day in 
treated hypertensive patients undergoing lap chole persisted higher than the 
preoperative value (13382.40 vs. 12622.80), suggesting continued greater oxygen 
consumption by the myocardium even in absence of any clinically evident 
complication. This situation is not seen in the normotensive patients of the LC group 
(11028.75 vs. 10075.34). However, RPP value decreased markedly on the 4* day and 
came down significantly lower than the pre-op value (9.5 % decrease lower than pre-
op value) (Table 5-22). This may simply be indicative of partial lack of influence of 
the necessary chronic medication in the hypertensive patients of the LC group of the 
present study as suggested by Danzing et al (2005) who also recorded almost similar 
observations. On the other hand, this phenomenon was not evident in the hypertensive 
patients of either of the open group (OC/ OH), suggesting presence of an additional 
causal factor in the LC group which is nothing but the carbopneumoperitoneum. 
Apart from the exponential RPP rise (51.6 %) in treated hypertensive patients 
undergoing lap chole, all other groups and subgroups showed comparative RPP 
responses suggestive of the surgery-induced stress in general as is clearly illustrated in 
the following figures5-10. 
Therefore, the present study confirms that laparoscopic surgery in normal heahhy 
individuals is as stressftil as the open surgery when the visceral tissue dissection is 
comparable, and that the term 'minimal access surgery' instead of 'minimally 
invasive surgery' is the right definition for the laparoscopic surgery. 
The issue of cardiac performance in the presence of a significant positive pressure 
pneumoperitoneum remains unresolved (Alishahi et al, 2001). Some investigators 
have reported no change in cardiac output with the creation of pneumoperitoneum 
(Motew et al, 1973; Lindberg et al, 1997) while others have suggested a dual response 
to a graduated elevation in the intraperitoneal pressure, with initial stimulation and 
subsequent suppression of cardiac output (Kelman et al, 1972; Ivankovich et al, 
1975). 
Most of the other studies have reported variable degree of "cardiac suppression" 
(Lenz et al, 1976; McKenzie, 1980; Westerband et al, 1992; Williams and Murr, 
1993; Gebhard et al, 1997). 
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Furthermore, RPP level on the 1** postoperative day in treated hypertensive patients 
undergoing lap chole persisted higher than the preoperative value (13382.40 vs. 
12622.80), suggesting continued greater oxygen consumption by the myocardium 
even in absence of any clinically evident complication. This situation is not seen in 
the normotensive patients of the LC group (11028.75 vs. 10075.34). However, RPP 
value decreased markedly on the 4"* day and came down significantly lower than the 
pre-op value (9.5 % decrease lower than pre-op value) (Table 5-22) This may simply 
be indicative of partial lack of influence of the necessary chronic medication in the 
hypertensive patients of the LC group of the present study as suggested by Danzing et 
al (2005) who also recorded almost similar observations. On the other hand, this 
phenomenon was not evident in the hypertensive patients of either of the open group 
(OC/ OH), suggesting presence of an additional causal factor in the LC group which 
is nothing but the carbopneumoperitoneum. 
Apart from the exponential RPP rise (51.6 %) in treated hypertensive patients 
undergoing lap chole, all other groups and subgroups showed comparative RPP 
responses suggestive of the surgery-induced stress in general as is clearly illustrated in 
the following figures5-10. 
Therefore, the present study confirms that laparoscopic surgery in normal healthy 
individuals is as stressful as the open surgery when the visceral tissue dissection is 
comparable, and that the term 'minimal access surgery' instead of 'minimally 
invasive surgery' is the right definition for the laparoscopic surgery. 
The issue of cardiac performance in the presence of a significant positive pressure 
pneumoperitoneum remains unresolved (Alishahi et al, 2001). Some investigators 
have reported no change in cardiac output with the creation of pneumoperitoneum 
(Motew et al, 1973; Lindberg et al, 1997) while others have suggested a dual response 
to a graduated elevation in the intraperitoneal pressure, with initial stimulation and 
subsequent suppression of cardiac output (Kelman et al, 1972; Ivankovich et al, 
1975). 
Most of the other studies have reported variable degree of "cardiac suppression" 
(Lenz et al, 1976; McKenzie, 1980; Westerband et al, 1992; Williams and Murr, 
1993; Gebhard et al, 1997). 
To some extent, the reduction in cardiac output depends on the level of intraperitoneal 
pressure (Williams and Murr, 1993; Ishizaki et al, 1993) but certain other factors 
seem to play some role as well. 
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The tremendous increase in oxygen requirement of myocardium soon after creation of 
pneumoperitoneum as represented by RPP increasing to alarmingly dangerous level 
(19139.92) in the LC-Hypertensive subgroup was well tolerated by the patients with 
treated hypertension who belonged to ASA grade II without any other comorbidity in 
the present study. iBut there is every possibility that rapid deterioration and 
catastrophe may occur in patients with diseased heart or patients at risk of myocardial 
ischaemia, justifying the clinician's common fear of laparoscopic surgery in these 
patients. 
Westerband et al (1992) also emphasized that patients susceptible to myocardial 
ischaemia when subjected to laparoscopic surgery might have serious implications 
from sudden significant rise in the afterload to the heart as reflected in the acute 
peaking of RPP at half an hour after start of surgery in the hypertensive patients in LC 
group. 
However, RPP values in OC-hypertensive and OH-hypertensive subgroups did not 
cross the normal range of 12000 - 14000 at any time point, fixrther confirming the 
impact of the carbopneumoperitoneum in the LC group and the cardiac risk of its 
consequences. 
Table 5-22: RPP Changes in Normotensive & Hypertensive Subgroups of 3 
Groups 
Subgroups 
LC-Normotensive 
LC-Hypertensive 
OC-Normotensive 
OC-Hypertensive 
OH-Normotensive 
OH-Hypertensive 
Preop 
RPP 
(1/100) 
110.29 
126.22 
98.58 
113.23 
103.89 
108.71 
* 
n 
16 
5 
16 
5 
15 
6 
Vi hr after 
incision 
% Change 
22.51 
51.64 
20.87 
24.08 
1.54 
13.78 
End of 
surgery 
% 
Change 
12.99 
20.57 
25.87 
12.77 
11.11 
6.86 
r* day 
postop 
% Change 
-8.64" 
8.11 
-0.95' 
-9.64* 
-7.18* 
-7.17" 
4** day 
postop 
% Change 
-9.49* 
-9.50* 
0.02 
-3.99* 
-6.78 
-6.14* 
Indicates fall below the pre-op value 
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normotensive patients of the OC group as complete normalization of RPP to the pre-
op value occurred in this subgroup of patients (Table 5-22). 
The significant rise in RPP represents marked increase in myocardial oxygen 
consumption. This is secondary to the increase in left ventricular wall tension due to 
elevated total peripheral resistance represented by the increase in systolic blood 
pressure against the concomitant reduced preload to the heart (decreased venous 
return induced by the pneumoperitoneimi). This has been well documented by 
Westerband and associates (1992) who reported 9 % increase in the rate pressure 
product (RPP = HR * MAP), 79 % increase in total peripheral resistance index (TPRI) 
and a concomitant 15 % rise in MAP, representing markedly increased after load 
against the background of stable heart rate in their study. This will assume more 
importance in presence of commonly observed tachycardia which will fiirther 
aggravate the myocardial oxygen consumption, especially in the hypertensive patients 
undergoing laparoscopic surgery. 
In the LC (combined) group of the present study, 11.22 % increase in MAP was 
accompanied by 29.6 % increase in RPP at half-an-hour of incision, confirming the 
findings of Westerband et al (1992). These changes were markedly accentuated 
(51.64 % increase) in the hypertensive patients of the LC group as is evident from the 
following Figure 5-9: 
Normotensive Vs. Hypertensive 
LC group 
-LC-NTRPP(1/100) 
.LC-HTRPP( 1/100) 
Preop Half an hr End of surg 1st postop 4th postop 
Figure 5-9: RPP Changes in Normotensives (NT) & Hypertensives (HT) of LC group 
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words, the pre-op RPP values did not represent the base line values and patients had 
significant degrees of mental stress due to procedure-related anxiety and 
apprehension. Late post-operative decrease in RPP was found highest in LC group 
and lowest in the OC group, indicating presence of greater pre-operative stress in 
patients undergoing lap chole. 
Rate Pressure Product in LC,OC & OH 
a o. 
-LCMean 
-OC Mean 
•OH Mean 
Preop Half an hr Endofsurg Istpostop 4thpostop 
Figure 4-27 (Reproduced): Comparison of RPP Changes among LC, OC and OH 
Groups. 
Table 5-21: Showing RPP Changes (%) among LC, OC and OH 
Group 
LC 
OC 
OH 
Preop 
RPP 
(1/100) 
113.97 
101.82 
108.09 
No. 
of 
pts. 
21 
21 
21 
Hhr 
after 
incision 
% 
Change 
29.6 %T 
21.3 %t 
6.7 % t 
End 
of 
surgery 
% 
Change 
14.9 %t 
22.7 %t 
14.3% t 
1^ ' 
postop 
day 
% 
Change 
8.5 %i 
2.7 % i 
5.5 % i 
4th 
postop 
day 
% 
Change 
9.5 %i 
1.4 % i 
4.1 % i 
This phenomenon of significant pre-operative stress and its possible causation have 
already been discussed in detail under the heads of Cortisol, epinephrine and 
norepinephrine responses. However, this phenomenon was not expressed at all in the 
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It becomes immediately clear from the figure 5-8 that arterial blood pressures in all 
denominations were more pronounced in the intra-operative phase of the laparoscopic 
cholecystectomy in the present study. The possible mechanisms responsible for this 
accentuation phenomenon during laparoscopic cholecystectomy include mechanical 
compression & stretching effects of pressure pneumoperitoneum and release of 
humoral substances secondary to the pneumoperitoneum and surgical tissue 
dissectional injury. Carbopneumoperitoneum-induced hypercarbia was not considered 
as a plausible aetiological factor in the present study due to the religiously maintained 
ETCO2 level within a range of 32 to 35 mmHg. 
5.7.3. Rate-Pressure Product Changes 
Rate-pressure product (RPP) or pressure-rate product (PRP), also known as 'double 
product' or Robinson Index, is the product of systolic blood pressure and heart rate, 
and it is a major determinant of cardiac oxygen consumption (Robinson, 1967; Geigy 
Scientific Tables, 1999; Danzing et al, 2005). Some investigators such as Westerband 
et al (1992) calculated RPP as product of HR and MAP. In the present study, the 
commonly used formula of RPP as the product of heart rate and systolic blood 
pressure has been used for the critical analysis. 
RPP is a sensitive index of myocardial oxygen consumption (mV02) not only in 
awake people but also anaesthetized patients (Wilkinson et al, 1979) and it has been 
used as a reliable haemodynamic monitoring tool even in recent times (Danzing et al, 
2005). The normal value of RPP is 9600 (Nathan, 2004) 
In LC group of the present study, RPP recorded 29.6 % increase (peaking) after half-
an-hour of incision and then decline at the end of surgery (14.9%) while OC group 
showed persistently high RPP throughout the procedure without any peaking effect 
(21.3 % & 22.7 % increases at half-an-hour and end of surgery respectively).On the 
other hand, OH group expressed lesser and gradual increase in RPP with maximal rise 
at the end of surgery (6.7 % and 14.3 % increases at half-an-hour and end of surgery 
respectively). These comparative changes are lucidly seen in figure 4-27 (reproduced) 
and table 5-21. 
On the 1^  and 4* post-op day, the RPP values decreased markedly and became lower 
than the respective pre-op values in all the subgroups of the three groups except OC-
Normotensive subgroup, signifying again the possible base line values. In other 
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In OH group, correlation of arterial blood pressure changes and plasma catecholamine 
changes does not holdgood (Table 4-221 and Figure 4-26). Hence, role of factors 
involved in the open surgery as discussed in the OC group assumes importance for 
causation of equally significant alterations in arterial blood pressure and other 
haemodynamic parameters (McKenzie et al, 1980; Kelman et al, 1972, Motew et al, 
1973). 
5.7.2.4. Comparison of Arterial Blood Pressure Changes among the Three 
Groups 
The time course pattern was found similar in systolic, diastolic and mean arterial 
blood pressures in the three groups and is well illustrated graphically in the following 
Figure 5-8. 
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5.7.2 J. Arterial Blood Pressure Changes during Open Hysterectomy 
Open abdominal hysterectomy was also accompanied by significant intra-operative 
increases in all variables of arterial blood pressure (Systolic, diastolic and mean) 
which were followed by normalization on the very 1** post-operative day. However, it 
is interesting to note that systolic and mean arterial blood pressure achieved peak at 
half-an-hour after incision while heart rate and RPP showed peaking effect at the end 
of the surgery. Minimal changes were seen in the diastolic blood pressure (Figure 4-
26 reproduced). 
OH group 
140 
I HR/min SBP(mmHg) 
DBP(mmHg) 
MAP(mmHg) 
RPP(1/100) 
Preop Half an hr end of 1st 4th 
surg postop postop 
Figure 4-26 (Reproduced): Showing Comparative Graphs of All Five haemodynamic 
Parameters in patients undergoing open hysterectomy (OH group) 
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OC group 
140 
HR/min 
SBP{mmHg) 
DBP(mmHg) 
MAP(mmHg) 
RPP(1/100) 
Preop Half an hr end of 1st 4th 
surg postop postop 
Figure 4-25 (Reproduced): Showing Comparative Graphs of All Five Haemodynamic 
Parameters studied in Open Cholecystectomy group 
These observations are at a little variance to those seen in the LC group where rapid 
peaking effect at half-an-hour after start of surgery was noted in all variables of 
arterial blood pressure (Systolic, diastolic and mean). 
This implies that both open and lap chole procedures are equally stressful with similar 
intra-cavitatory management with only one difference at half-an-hour after incision 
and that is the additional mechanical effect of the pneumoperitoneum during lap chole 
which was not found to be additive in the subsequent part of the procedure. In all the 
three groups, the haemodynamic impairments were well tolerated by our patients 
ASA Class I and II (with treated hypertension) without any untoward effect. 
However, caution is advisable when higher ASA class patients are subjected 
especially to laparoscopic technique howsoever straightforward it may look. 
In the OC group, the correlation of arterial blood pressure changes and plasma 
catecholamine changes seems good (Tables 4-221 and Figure 4-25). Therefore, the 
causal mechanisms for these changes may include peritoneal stretching and 
stimulations in open surgery causing vasopressin release as emphasized by 
Lentschener et al (2001), or direct stimulation of sympathetic nervous system as 
emphasized by Katz and Bigger (1970), Orloff (1981) and Haleem et al (1991), or 
increased sympathetic tone resulting from reflex activity (Marshall et al, 1972). 
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significant but the time course pattern was found different: peaking of the arterial 
blood pressures (Systolic, diastolic and mean) occurred at half-an-hour after incision 
while plasma catecholamines achieved peak at the end of surgery (Figure 4-24), 
suggesting interplay of additional factor(s). The most probable factors for maximal 
haemodynamic changes soon after creation of the pneumoperitoneum include 
pneumoperitoneum-induced compression of intra-abdominal great vessels as 
emphasized by majority of investigators or direct sympathetic nervous system 
stimulation as emphasized by Katz and Bigger (1970), Orloff (1981) and Haleem et al 
(1991) or increased sympathetic tone resulting fi-om reflex activity (Marshall et al, 
1972)/baro-reflexes (Greim et al, 2003) or vasopressin release secondary to peritoneal 
stretching/ stimulation and decreased venous return to the heart as emphasized by 
Lentschener et al (2001). 
As hypercarbia was not allowed to occur under continuous monitoring by ETCO2, the 
observed haemodynamic changes in the present study therefore cannot be attributed to 
this factor. 
5.7-2.2. Arterial Blood Pressure Changes during Open Cholecystectomy 
All variables of arterial blood pressure (Systolic, diastolic and mean) were increased 
significantly during intra-operative period of open cholecystectomy with minor 
differences at half-an-hour after start of surgery and end of surgery, and all of them 
returned to near or even below the pre-operative level on the very 1^  postop day. 
These are best illustrated in the comparative graphs of figure 4-25 (Reproduced). 
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In agreement to our own study, McLaughlin et al (1991) recorded significant 
physiologic derangements in the form of significant increase in mean arterial pressure 
(15.9%), systolic blood pressure (11.3%), diastolic blood pressure (19.7%), and CVP 
(30.0%) from control baseline values, using transesophageal echocardiography during 
laparoscopic surgery. 
Dexter et al (1999) also confirmed that the elevation of the mean arterial pressure is 
caused by the increase of systemic peripheral vascular resistance secondary to the 
pneumoperitoneum. 
Recently, increased systemic blood pressure (and pulmonary artery pressure, central 
venous pressure, and pulmonary capillary wedge pressure) was recorded also during 
laparoscopic gastric bypass procedures in morbidly obese patients but the heart rate 
remained stable and unaffected by the physiological effect of the pneumoperitoneum 
(Artuso et al, 2005). This differential responses in arterial blood pressure and heart 
rate which are known toga hand in hand usually, leaves the field wide open for fixture 
controlled randomized studies involving larger sample size. 
Greim and associates (2003) emphasized that Baro-reflexes get stimulated by various 
intra-abdominal visceral stimulation, leading to circulatory changes during 
laparoscopic surgery in humans. 
Thus, net effect of exaggerated haemodynamic responses in laparoscopic group, 
evident clinically by rise in heart rate and arterial blood pressure, being more 
pronounced in treated hypertensives as compared to normotensives, confirmed our 
earlier observations in open surgery that the haemodynamic disturbances to the 
removal of diseased gallbladder are often more marked when cardiovascular system is 
the seat of proclaimed or latent disorders (Haleem et al, 1991). Furthermore, the 
haemodynamic responses may be attenuated by modulation of sympathetic 
overactivity, increased myocardial contractility and increased oxygen demand through 
control of various factors like continuous adequate depth of anaesthesia (Joris et 
al,1993), maintenance of normovolemia and lower intra-abdominal pressure of 12-
14mmHg (Lentschener et al, 2001). 
The significant intra-operative increases in the arterial blood pressures (Systolic, 
diastoUc and mean) observed in the present study were accompanied by the 
significant intra-operative increases in plasma epinephrine and norepinephrine 
concentrations in the present study. It is to be noted that intra-operative increase in 
arterial blood pressures and plasma concentrations were individually highly 
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continuous adequate depth of anaesthesia and normovolaemia attenuated 
pneumoperitoneum-induced haemodynamic changes. 
Absorption of the highly diffusible carbon dioxide is expected to take place from the 
peritoneal cavity. Hodgson and colleagues (1970) and Scot & Julian (1972) reported a 
significant degree of respiratory acidosis during laparoscopy that was attributed to the 
catecholamine release resulting in haemodynamic changes. However, Mullet and 
colleagues (1993) emphasized that Carbopneumoperitoneum-induced hypercapnia is 
unlikely to contribute to the haemodynamic changes associated with laparoscopic 
surgery because limited diffusion of carbon dioxide into the body during prolong 
intraperitoneal insufflation with carbon dioxide with controlled ventilation produces 
only slight increase in PaC02. Recent studies during laparoscopic gastric surgery have 
attributed the marked haemodynamic alterations to the carboperitoneum-induced 
acidosis (Danzing et al, 2002 and Artuso et al, 2005). 
Since in the present study, hypercarbia was not allowed to occur under continuous 
monitoring by ETCO2, the observed haemodynamic changes cannot be attributed to 
this factor. 
Based on the earlier studies, Joris et al (1993) suggested release of humoral factors as 
the causal mechanism for their observed circulatory effects in addition to the 
mechanical effect of the pneumoperitoneum. Punnonen et al (1980) and Torrielli et al 
(1990) reported vasopressin release responsible for the cardio-vascular impairment. In 
1991, Solis-Herruzo and associates reported a five-fold increase of vasopressin during 
pneumoperitoneum for diagnostic laparoscopy in 60 % of the patients breathing 
spontaneously but no change in plasma norepinephrine and plasma rennin activity, 
and the increases in plasma vasopressin levels were correlated with changes in the 
intra-abdominal pressure, intra-thoracic pressure and transmural right atrial pressure. 
Furthermore, they also observed increase in pulmonary vascular resistance that was 
another potential stimulator of vasopressin release. Thus both mechanical and 
humoral factors contributed to the increase in systemic vascular resistance and its 
consequences. 
In 1986, Pricolo and associates observed in a human study that mechanical 
compression with the use of pneumatic antishock garment directly increased the 
peripheral vascular with resultant increase in the arterial blood pressure; pressures of 
20 and 40 nmiHg caused 9 and 13 % increases in MAP respectively. 
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Ivankovich et al (1975) and Bannenberg et al (1997) verified the significant cardio-
vascular impairment in animal studies during intra-abdominal insufflations and 
detected significant increase in heart rate, total peripheral resistance and mean arterial 
pressure along with significant decrease in right atrial pressure, stroke volume and 
cardiac output. 
Branche et al (1998) observed a significant increase in mean arterial pressure (25.7% 
±1- 10.5%) three minutes after the onset of pneumoperitoneum but it returned to pre-
insufflation value 30 min after pneumoperitoneimi and this was not affected by 
postural changes (10 degrees head-up position) or pneumoperitoneum desufiflation. 
Thus they concluded that haemodynamic changes were not solely dependent on acute 
increase in intra-abdominal pressure but certain other factors should be in play for 
their observed haemodynamic changes. 
Dorsay et al (1995) also reported increase in mean arterial pressure (MAP) by 16% 
(and decreased cardiac index by 3%, stroke volume index decreased by 10%) during 
insufflation of abdomen. MAP increased fiirther up to 19% with head-up tilt of 20°. 
ITiey concluded that the combination of carbon dioxide pneumoperitoneum and the 
reverse Trendelenburg position unfavourably affected the cardio-vascular variables. 
In a prospective controlled trial, Sato et aX (2000) studied cardio-vascular performance 
during laparoscopic cholecystectomy. They used High Frequency/Low Frequency 
ratio as a representation for the balance of parasympathetic and sympathetic nervous 
activity, and recorded predominance of sympathetic activity over parasympathetic 
activity, leading to increased systemic blood pressure (and increased heart rate) 
following pneumoperitoneum, and the choice of general anaesthetic did not influence 
the haemodynamic response in their study. 
However, in view the controversy still existing over the causal mechanisms of the 
haemodynamic changes as is evident fi-om the often conflicting reports by various 
investigators, Lentschener et al (2001) tried to explore the cause of carbon dioxide 
(C02) pneumoperitoneum-induced haemodynamic changes and foimd these changes 
to correlate with vasopressin release. They suggested that the peritoneal stretching and 
stimulations in both laparoscopic and open surgery results in vasopressin release, 
leading to the haemodynamic changes which are suppressed by opiate administration. 
Furthermore, decreased venous return to the heart during laparoscopic surgery was 
found as an additional cause of vasopressin release. They fiirther observed that 
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Torrielli et al (1990) noted significant increase (30 %) in mean arterial pressure 
during gynaecological laparoscopy with intra-peritoneal pressures of 10 mmHg. 
Elevated MAP decreased after desufflation of pneumoperitoneum but paradoxically 
the elevated systemic vascular resistance index (54 % increase) did not return to the 
pre-insufflation level after desufflation of pneumoperitoneum. Decreased venous 
return induced by pneumoperitoneum accounted for the decrease in cardiac output, 
and the increase in systemic vascular resistance index accounted for the elevated 
arterial blood pressure. 
Westerband et al (1992) observed 15 % increase in mean arterial pressure (MAP) 
during CO2 insufflation and increase in heart rate was observed at the time of visceral 
traction and in the post phase following gallbladder extraction although the heart rate 
in general remained stable throughout the procedure. These changes were correlated 
to the pneumoperitoneum-induced elevation of diaphragm with resultant increase in 
intrathoracic pressure and reduced venous return, leading to decrease in the left 
ventricular filling and cardiac output. All the same, a 79 % increase in total peripheral 
resistance index (TPRI) and a concomitant 15 % rise in MAP represented a change in 
afterload that could adversely affect the heart, requiring an increase in left ventricular 
wall tension and in myocardial oxygen consumption. Indeed, rate pressure product 
(RPP = HR x MAP) did increase by 9 % during the operation phase of their study. 
In the LC (combined) group of the present study, 11.22 % increase in MAP was 
accompanied by 29.6 % increase in RPP at half-an-hour of incision, supporting the 
findings of Westerband et al (1992). The changes were found more pronounced in 
hypertensive patients (15 % increase in MAP and 521.64 % increase in RPP) as 
compared to that of normotensive patients undergoing lap chole (10.4 % increase in 
MAP and 22.51 % increase in RPP). Patients susceptible to myocardial ischaemia will 
have serious implications from sudden significant rise in the afterload to the heart 
(Westerband et al, 1992). 
Joris et al (1993) observed 35 % increase in MAP after peritoneal insufflation (and 20 
% decrease in cardiac index) and complemented the results of earlier studies of 
Johannsen et al (1989) and Torrielli et ai (1990). 
Rademaker et al (1994) investigated cardio-vascular variables during laparoscopic 
cholecystectomy with N20/ C02 pneumoperitoneum. They observed a significant 
increase in mean arterial pressure (and systemic vascular resistance index) & decrease 
in cardiac index. 
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the time of admission to the hospital may again be a cause for concern with respect to 
the fast evolving Day Case Surgery or Fast Track Surgery. 
5.7.2. Arterial Blood pressure Changes 
5.7.2.1. Arterial Blood Pressure Changes during Laparoscopic Cholecystectomy 
In LC group of the present study, all variables of arterial blood pressure (Systolic, 
diastolic and mean) changed in a manner similar to HR and showed significant mtra-
operative mcrease with rapid peak effect at half-an-hour after incision, and significant 
post-operative decrease which was found lower that the pre-operative level even on 
the 4* day (p<0.05). The similarity of time course patterns between the three arterial 
blood pressures and heart rate in LC group is clearly evident in the Figure 4-24 
(Reproduced). 
LC Group 
HR/min 
SBP(mmHg) 
DBP(mmHg) 
MAP(mmHg) 
RPP(1/100) 
Preop Half an hr end of 1st 4th 
surg postop postop 
Figure 4-24 (Reproduced): Showing Comparative Graphs of All Five Haemodynamic 
Parameters in Laparoscopic Cholecystectomy Group (LC). 
Similar to the current study, accelerated cardiovascular changes during laparoscopic 
surgery were reported by a number of clmical and experimental investigators 
(Johannsen et al, 1989; Torrielli et al, 1990; Westerband et al, 1992; Rademaker et al, 
1994; Dorsay et al, 1995; Bannenberg et al, 1997; Branche et al, 1998). 
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5.7.1.4. Comparison of HR Changes among LC, OC and OH Groups 
All the three groups showed almost similar pattern of significant tachycardia -
throughout the whole procedure in LC as well as OC group, and only in the later part 
of the procedure in the OH group. This may simply imply that the reflex stimulation 
of suprarenal nerve plexuses via the celiac ganglion may produce adrenal bursts and 
overall sympathetic over activity. Fifth thoracic segment of the spinal cord is a 
common source of sympathetic supply to the heart through cardiac plexuses 
(Warwick and Williams, 1973) and to the biliary tract through celiac plexus (Warwick 
and Williams, 1973; McGregor and Du Plessis, 1969; Orloff, 1981). Warwick and 
Williams (1973) emphasized that the higher branches of the greater splanchnic nerves 
may be traced upwards in the sympathetic trunk as far as second or even first thoracic 
ganglia. Hence, stretch or distension sensations of the biliary tract, transmitted 
through visceral sensory fibres of the splanchnic nerves, may lead to relative or 
absolute increase in the sympathetic tone, causing tachycardia, hypertension and even 
tachyarrhythmias (Orloff, 1981; Katz and Bigger, 1970). 
The present intraoperative observations in the biliary surgery (both open and lap) are 
in fiill agreement with those of Mendelson and Monheit (1956), Desborough et al 
(1989) and Haleem et al (1991). This indirectly also supports the observations in the 
open hysterectomy group in the light of the anatomical distribution of sympathetic 
nerve supply. 
In the post-operative period, all the three groups exhibited not only normalization but 
also decrease of the heart rate lower than the pre-operative level - the decrease being 
statistically significant (p<0.05) only in LC group and insignificant (>0.05) in OC & 
OH groups. 
The most probable explanation for this observation may be that the patients were 
already under significant degree of stress even before induction of anaesthesia and 
surgery due to marked pre-operative anxiety and apprehension, mainly in relation to 
newer technology as has already been discussed in detail under the heads of Cortisol 
and epinephrine. However, it appears prudent to again highlight the two important 
things- one, the need of thorough pre-operative counselling for anxiolysis, and 
second, the need of sampling at the time of PAC (Pre-Anaesthetic Check up) for 
baseline values or at least at the time of admission a day before operation. Sampling at 
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with peak at the end of the procedure and post-operative normocardia on 1'* day 
onward (Table 5-19). This confirms that similar adrenergic stimulation was exhibited 
following the lower as well as the upper abdominal open surgery. 
Heart Rate in LC, OC & OH groups 
100 
Preop Half an hr Endofsurg Istpostop Athpostop 
Figure 4-11 (Reproduced): Comparative Graphs of HR Changes in LC, OC & OH 
Groups 
No significant difference at any of the five time points over the longitudinal course 
(p>0.05) was found between the heart rate responses of the normotensive (n=15) and 
hypertensive (n=6) patients who underwent open hysterectomy (Table 5-20). 
In the Open Hysterectomy group, initial intra-operative phase, that is, half-an-hour 
after incision, revealed a small decrease in heart rate though statistically not different 
fi-om the pre-operative level (p>0.05). This is in sharp contrast to the finding of 
significant increases in heart rate at half-an-hour after start of surgery following 
laparoscopic as well as open cholecystectomy. This, in all probability, is the result of 
the parasympathetic over-influence of the iminterrupted vagus supply against the less 
effective lumbo-sacral sympathetic outflow which does not have any significant direct 
linkage to the cardiac plexus. Such a phenomenon is in tune with the day-to-day 
clinical practice when attending anaesthesiologist is put on guard by the operating 
surgeon prior to cervical or anal manipulation or dilatation for possible bradycardia. 
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HR changes after open cholecystectomy were found ahnost similar to those observed 
after lap chole, with no significant inter-group differences at any of the five end points 
(p>0.05) as is evident by the following comparative graph in figure 5-7 (LC in Blue 
and OC in red). 
Pulse rate changes in LC vs OC groups 
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Figure 5-7: Comparative Graphs of HR changes in LC (Blue) and OC (Red) Groups 
In LC group, peaking occurred immediately after start of the procedure while peak in 
OC group was achieved at the completion of the surgery. This suggests that acute rise 
in the intra-abdominal pressure, that is, pneumoperitoneum produces much more 
adrenergic stimulation than the surgical procedure itself but does not have an additive 
effect at the end of operation. 
It is of interest to note that in the present study, the intra-operative change in heart rate 
noted in treated hypertensive patients undergoing laparoscopic cholecystectomy was 
found considerably higher as compared to that seen in the treated hypertensive 
patients undergoing Open cholecystectomy (p<0.001). 
5.7.13. Heart Rate Changes during Open Hysterectomy 
OH group exhibited heart rate changes in a fashion ahnost similar to those seen in the 
other open surgery group, that is, OC group - significant intra-operative tachycardia 
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In consonance with Danzing and associates (2002), Artuso et al (2005) recorded 
adverse haemodynamic alterations during laparoscopic gastric bypass procedures in 
morbidly obese patients and correlated to carboperitoneum-induced acidosis. 
Rademaker et al (1994) investigated the haemodynamic effects of N2O and CO2 
insufflation intra-abdominally in patients undergoing laparoscopic surgery and the 
cardio-vascular variables were noted with intra-abdominal pressure up to 20 mmHg 
and detected cardiovascular depression. They observed no significant changes in the 
heart rate although cardiac index decreased, and MAP, SVRI (systemic vascular 
resistance index) & CVP (central venous pressure) increased. 
However, controversy still exists over the causal mechanisms of the haemodynamic 
changes because of the often conflicting reports by various investigators. Lentschener 
et al (2001) tried to explore the cause of carbon dioxide (C02) pneumoperitoneum-
induced haemodynamic changes and correlated it to vasopressin release. They 
suggested that the peritoneal stretching and stimulations in both laparoscopic and 
open surgery results in vasopressin release, leading to the haemodynamic changes 
which are suppressed by opiate administration. Furthermore, decreased venous return 
to the heart during laparoscopic surgery was found as an additional cause of 
vasopressin release. They fiirther observed that continuous adequate depth of 
anaesthesia and normovolaemia attenuated pneumoperitoneum-induced 
haemodynamic changes. 
Alishahi et al (2001) reported that the cardiac suppression induced by 
pneumoperitoneum varies fi-om patient to patient and these cardiac changes were not 
accompanied by any significant changes in pulse rate (and blood pressure) and 
emphasized for non-invasive monitoring. Cuschieri et al (1998) also advocated use of 
trans-oesophageal Doppler for measurement of heart rate and other cardiac functions 
noninvasively, 
Johannsen et al (1989) and Dorsay et al (1995) also reported the elevated heart rate 
(and mean arterial blood pressure), a finding similar to the present study. Dorsay et al 
(1995) reported increase m heart rate by 7% (and mean arterial pressure (MAP) by 
16% and decreased cardiac index (C.I.) by 3%, stroke volume index decreased by 
10%) during insufflation of abdomen. The heart rate increased fiirther up to 14% (and 
MAP by 19%) with head-up tilt of 20°. However, the combination of CO2 
pneumoperitoneum and the reverse Trendelenburg position unfavourably affected the 
cardiac variables. 
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In a prospective controlled trial, Sato et al (2000) studied heart rate variability thrice 
during the anaesthetic course for laparoscopic cholecystectomy to check the cardiac 
autonomic activity. They found High Frequency/Low Frequency ratio, a 
representation for the balance of parasympathetic and sympathetic nervous activity, 
increased after induction of general anaesthesia, and decreased after 
pneumoperitoneum with resultant predominance of sympathetic activity over 
parasympathetic activity, leading to increased heart rate (and increased blood 
pressure) following pneumoperitoneum, and the choice of general anaesthetic did not 
influence the cardiac autonomic nervous system activity much. 
Thus, net effect of exaggerated haemodjmamic responses in laparoscopic group, 
evident clinically by rise in heart rate and more pronounced in treated hypertensives 
as compared to normotensives confirmed our earlier observations that the 
haemodynamic disturbances to the removal of diseased gallbladder are often more 
marked when cardiovascular system is the seat of proclaimed or latent disorders 
(Haleem et al, 1991). Furthermore, the haemodynamic responses may be attenuated 
by modulation of sympathetic overactivity, increased myocardial contractility and 
increased oxygen demand through control of various factors like continuous adequate 
depth of anaesthesia (Joris et al,1993), maintenance of normovolaemia and lower 
intra-abdominal pressure of 12-14mmHg (Lentschener et al, 2001). 
Mullet et al (1993) emphasized that Carbopneumoperitoneum-induced hypercapnia is 
unlikely to contribute to the haemodynamic changes associated with laparoscopic 
surgery, and indeed, limited diffusion of carbon dioxide into the body during prolong 
intraperitoneal insufflation with carbon dioxide has been demonstrated as is evident 
by only slight increase in PaCOa. 
5.7.1.2. Heart Rate Changes during Open Cholecystectomy 
In the combined group of OC in the present study, significant intra-operative 
tachycardia with peak at the end of surgery (12 % increase; p<0.001) was followed by 
normalization of heart rate on the 1st and 4th post-operative days (Table 5-19). 
In both Normotensive and Hypertensive sub-groups Of OC, heart rate alterations in 
the intra-operative and post-operative phases were found same as those seen in the 
Combined OC group, and the inter-subgroup differences were statistically 
insignificant at all the end points (Table 5-20). 
372 
z g 
CO 
CO 
o 
CO 
Q 
o 
e 
«s 
U 
O 
d 
en 
a 
3 O 
U 
96 
f*» 
C 
S 
.2 
en 
e 
• M 
a 
B: 
V 
o 
s 
a 
.S 
U 
t 
w 
© 
I 
X3 
es H 
o 
w 
O 
"O 
& 
o 
en 
O 
a 
s 
o 
•o 
I. 
CM O 
^ -
1 3 
D. "5 
>• 
1 ^ 
4> 
1 3 
cu -^  
> 
a S 
1 S 
a. "5 
> 
1 '^  
S § 
1 3 
> 
1 ^ 1 2 
W ^ 
"c" 
a 
o 
<u 
I. 
B ^^ 
S 0 
^ 2 
a e 
en 
a. 
s 
2 
M) 
JQ 
3 
C 
i 
c 
> 
r 
1 
o 
o 
A 
oo 
cs 
00 
o 
o 
V 
o 
oo 
o 
d 
V 
oo 
o 
o 
d 
OS 
o 
00 
,> 
'S 
B 
V 
-M 
o 
s 
u 
o 
12; 
o 
d 
A 
00 
in 
O 
d 
A 
00 
00 
o 
d 
V 
o 
o 
1—( 
o 
o 
d 
<s 
r—1 
tn 
1 — I 
en 
S 
9i t, 
V 
a 
0^  
00 
O 
d 
o 
d 
O 
O 
d 
O 
o 
• 
o 
d 
1^ 
O 
d 
A 
en 
oo 
in 
o 
d 
A 
00 
o 
o 
d 
V 
o 
ON 
1—) 
O 
O 
d 
V 
00 
r—( 
ON 
vO 
oo 
oo 
*5 
8 
s 
u 
o 
12: 
o 
d 
A 
cs 
oo 
>n 
o 
d 
A 
CS 
00 
o 
d 
V 
oo 
CS 
O N 
in 
O 
d 
V 
00 
cs 
O N 
in 
o 
oo 
>. 
w 
B 
t: 
a 
a 
«n 
o 
d 
A 
«n 
O 
d 
A 
m 
o 
d 
A 
o 
o 
A 
<n 
o 
d 
A 
1 
o 
m 
o 
d 
A 
o 
00 
>n 
o 
d 
A 
in 
oo 
o 
o 
d 
V 
I—( 
en 
ON 
m 
o 
en 
00 
»n 
00 
B 
O 
S 
o 
m 
o 
d 
A 
d 
00 
o 
o 
d 
ON 
o 
o 
d 
p 
oc> 
00 
in 
o 
d 
A 
rn 
00 
NO 
00 
_> 
"en 
S 
s. 
a 
in 
o 
d 
A 
in 
o 
d 
A 
in 
o 
d 
A 
o 
o 
A 
in 
o 
d 
A 
!n 
1 
a o 
o 
d 
A 
in 
O 
d 
A 
in 
o 
d 
A 
o 
o 
V 
«n 
o 
d 
A 
> 
en 
S 
o 
S 
b. 
o 
12; 
«n 
o 
d 
A 
«n 
o 
d 
A 
in 
o 
d 
A 
© 
© 
© 
V 
<n 
o 
d 
A 
*5 
B 
V 
t: 
a 
a 
^1 
o 
DISCUSSIONS 
Cardiovascular responses during laparoscopic surgery (gastric banding) were 
evaluated by Danzing et al (2002) who found significant changes in heart rate that 
were more pronounced in obese population as compared to normal healthy patients. 
Later in 2005, Danzing and associates recorded increase in heart rate during 
laparoscopic cholecystectomy, thereby increasing the cardiac output even in the 
presence of observed mild decrease in the left ventricular ejection fraction secondary 
to mechanical effect of pneumoperitoneum. 
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It is of interest to note that heart rate response in the treated hypertensive patients 
(n=5) of the LC group was remarkably different from that of normotensive patients 
(n=16) of the same LC group. Heart rate markedly increased at half an hour after 
incision (23.5 % as compared to 9.4% in normotensive patients; p=0.001) and 
following deflation of pneumoperitoneum at the end of surgery (10.20% vs. 4.7% in 
normotensive patients; p=0.003). Heart rate changes in the postoperative period were 
small in both the subgroups of LC but they were found significantly different from 
each other on the 1*' postoperative day (p<0.05) (Table 5-20). These changes are 
lucidly seen in the following figure 4-8 (reproduced). 
Heart Rate in LC group (3 subgroups) 
•Normoten 
•Hyper 
-Combined 
Preop Half an hr Endofsurg Istpostop 4thpostop 
Figure 4-8 (Reproduced): Comparative Graphs of HR Changes in 3 LC-Subgroups 
Combined=aIl patients; Normoten=normotensive patients; Hyper=hypertensive 
patients 
Earlier normalization of HR on the very 1*' post-operative day as compared to 
normotensive patients may be reflection of necessary chronic medication in the 
treated hypertensive patients. This observation lends support to the explanation put 
forward by Danzing and associates (2005) regarding effect of necessary chronic 
medication on decrease of heart rate (and mean arterial pressure) after positioning in 
patients with ischaemic heart disease. 
Baro-reflexes are known to get stimulated by various intra-abdominal viscera 
stimulation, leading to circulatory changes during laparoscopic surgery in humans 
(Greim and associate, 2003). 
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5.7.1. Heart Rate Changes 
5.7.1.1. Heart Rate Changes during Laparoscopic Cholecystectomy 
In the LC combined group (n=21), heart rate increased rapidly after half an hour after 
incision (14% increase) and then decreased at end of surgery after deflation of 
pneumoperitoneum (7% increase as compared to the preop rate). The heart rate 
practically normalized on 1^  postoperative day onward (only 2 % change) (Table 5-
19). 
In agreement with the findings of Lentschener & Benhamou (1996) and Longhurst et 
al (1981), the current study also recorded significant increases in heart rate in 
normotensive patients undergoing lap chole (n=16) at half an hour after start of 
surgery (9.4% increase; pK).002), at the end of surgery (4.7% increase; p<0.05) and 
also on the 1^  postoperative day (3.52% increase; p<0.05), and HR normalized only 
on the 4* post operative day (2 35%increase; p>0.05) (Table 5-20). 
Table 5-19: Heart Rate (HR) Changes (percentage) in 3 Groups (LC, OC & OH) 
End 
Points 
Preop 
Half an 
hour 
End of 
surgery 
l^'day 
postop 
4* day 
postop 
LC (combined) 
HR 
(Mean) 
86.48 
98.00 
92.29 
hat of-
83.90 
% 
Change 
inHR 
-
±13.95^ 
±6.98^ 
-2.33t 
-2.33t 
OC (combined) 
HR 
(Mean) 
83.67 
91.52 
93.71 
82.33 
83.48 
% 
Changes 
inHR 
-
±9.52^ 
±11.90^ 
-2.38t 
-1.19t 
OH (combined) 
HR 
(Mean) 
85.86 
84.81 
95.10 
83.90 
84.48 
% 
Change 
inHR 
-
-1.16t 
±10.47^ 
-2.33t 
-2.33t 
ANOVA 
sig. 
>0.05 
0.003" 
>0.05 
>0.05 
>0.05 
LC vs. OH p=0.002, LC vs. OC p>0.05 and OC vs. OH p>0.05 (Bonfeironi test); If 
p<0.001; tp>0.05; 
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The consequence of surgery embraces hypophyseal, adrenocortical and metabolic 
changes in addition to sympathoadrenal activity. Increased hypothalamic activity 
induced by nociceptive stimulation is accompanied by increased traffic in sympathetic 
tracts. This manifests by well known signs of the light levels of anaesthesia -
tachycardia and hypertension. Thus measurements of heart rate and blood pressure 
have been regularly used as indirect indices of level of sympathetic activity 
(Derbyshire and Smith, 1984). 
As the current clinical practice is following the philosophy of evidence-based 
medicine with thrust on molecular basis, literature on haemodynamic responses 
during laparoscopic surgery is sporadic and sparse in recent years, and data in terms 
of prospective controlled trials are difficult to find because of the current problem of 
lack of control group of comparable open surgery. 
Therefore, we carried out continuous non-invasive monitoring during LC, OC and OH 
in terms of heart rate, systolic and diastoUc arterial blood pressures and 
electrocardiogram along with calculation of rate pressure product and mean arterial 
pressure. Critical analysis of the recorded haemodynamic observations are presented 
under the following heads: 
6.1. Heart Rate Changes: 
5.7.1.1. Heart Rate Changes during Lap. Cholecystectomy (LC) 
5.7.1.2. Heart Rate Changes during Open Cholecystectomy (OC) 
5.7.1.3. Heart Rate Changes during Open Hysterectomy (OH) 
5.7.1.4. Comparison of HR Changes among LC, OC and OH groups 
6.2. Arterial Blood Pressure Changes: 
5.7.2.1. Blood Pressure Changes in during Lap. Cholecystectomy (LC) 
5.7.2.2. Blood Pressure Changes during Open Cholecystectomy (OC) 
5.7.2.3. Blood Pressure Changes during Open Hysterectomy (OH) 
5.7.2.4. Blood Pressure Changes among LC, OC and OH groups 
6.3. Rate Pressure Product Changes: (RPP) 
5.7.3.1. RPP Changes in during Lap. Cholecystectomy (LC) 
5.7.3.2. RPP Changes during Open Cholecystectomy (OC) 
5.7.3.3. RPP Changes during Open Hysterectomy (OH) 
5.7.3.4. RPP Changes among LC, OC and OH groups 
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bladder operation , might be the reflection of common source of sympathetic supply 
of heart and gall bladder (McGregor and DuPlessis, 1969) via fifth thoracic segment, 
maintaining a cholecysto- cardiac link (Haleem et al 1991). 
The few studies on other immune function parameters, including Monocyte HLA-DR 
expression, again" do not suggest major differences between laparoscopic and open 
surgery (Klava et al, 1997). However, the number of studies is limited and those 
available have no uniform design or adequate number of patients and time of 
sampling, thereby hindering final interpretation (Kehlet, 1999). 
5.7. HAEMODYNAMIC RESPONSES 
Therapeutic laparoscopy is at present time a well-accepted procedure with rare 
complications and only sometimes a corrective laparotomy is needed. However, 
isolated reports of the arterial hypotension, shock and cardiac arrest call attention to a 
possible immediate danger of sudden death during laparoscopy (Arthure, 1970; 
Muldoon, 1971; Illinois Anaesthesia study Commission, 1971). Attempts have been 
made by various investigators to analyze the physiologic mechanisms leading to such 
complications, with the measurements of circulatory factors by direct/ indirect and 
invasive/ non-invasive methods (Seed et al, 1970; Alexander & Brown, 1969; 
Hodgson et al, 1970; Smith et al, 1971; Kelman et al, 1972; Motew et al, 1973; 
McKenzie et al, 1980; Robotham et al, 1985). 
In 1992, Westerband and associates emphasized that physiological data to support the 
safety of this fast developing procedure are still lacking. 
In a prospective study of non-obese ASA Class I patients undergoing laparoscopic 
cholecystectomy, Joris et al (1993) demonstrated with invasive haemodynamic 
monitoring including a flow-directed pulmonary artery catheter that laparoscopy for 
cholecystectomy in head-up position resulted in significant haemodynamic changes in 
healthy individuals, especially after creation of pneumoperitoneum. 
In recent years, thrust on the measurements of metabolic hormonal changes and 
immune expressions has taken precedence over the measurements of basic clinical 
parameters of the cardio-vascular changes that are continuously monitored during any 
surgical procedure, more so during the laparoscopic procedure in developing 
countries with limited resources and limited public access to specialized centres. 
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As recently as 2004, Haq and colleagues observed significant rise of TNF-alpha (and 
IL-6) expression not only at 24 hours but also even 4 hours after lap chole (n=16) 
although this was found lower than that observed after open chole (n=14). They tried 
to correlate the TNF-a rise with patient convalescence in terms of postoperative pain 
and analgesic requirement. 
This discrepancy can only be explained on the basis of either poor selection of 
patients in the study of Haq et al (2004), with difficult cases being operated by 
laparoscopic technique or the slow learning curve with longer time taken to complete 
the straightforward easy dissection and more use of the energy power source for 
coagulation and cutting of tissues or the methodological differences for estimation of 
serum biomarker (Biological, Immunoassay, etc.) that may, as highlighted by 
Kristiansson et al (1999), contribute to the divergent results. 
The intracellular acidification of peritoneal macrophages inhibits the release of 
cytokines that would be otherwise mobilized by other stimuli including conventional 
surgery (West et al, 1996 and West et al, 1997). The CO2 may cause local peritoneal 
cell acidosis thus blocking the release of cytokines. It also influences the clearance of 
circulating inflammatory mediators (Hanly et al, 2003). Furthermore, elevations in 
TNF-a (and IL- 6) levels have also been directly correlated with subsequent clinical 
development of major complications (Baigrie et al, 1992). None of our patients 
developed any major complication and therefore, the prognostic value of TNF-alpha 
expression for prediction of post-operative complication could not be verified in the 
present study. 
The similar acute phase responses observed intraoperatively in our study groups either 
operated conventionally or laparoscopically, reflect the equal visceral tissue 
dissectional trauma (Haleem et.al, 2007). The involvement of proinflammatory 
autocrine cytokines, TNF-a, in the up regulation of serum glucose levels stimulation 
of hormones and elevation of reactive oxygen species (ROS) under conditions of 
stress has been well documented. Therefore, elevated catabolic hormonal levels 
observed in our study could be due to cellular activation of TNF-a under conditions of 
stress (Crozier et al, 1994 and Demirer et al, 2000). 
However, contrary to the common assumption of gall bladder surgery less major as 
compared to hysterectomy, the hormonal and metabolic responses noted in our 
patients were of similar magnitude in both upper and lower abdominal surgeries by 
conventional method , in spite of the small incision and less tissue dissection in gall 
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Table 5-18: Comparative Cytokine Responses (Adapted & modified from Kehlet, 
1999) 
Author 
Joris (1992) 
Roumen (1992) 
McMahon 
(1993) 
Cho (1994) 
Berggren (1994) 
Jakeways (1994) 
Redmond 
(1994)* 
Stage(1997) 
Hill (1995) 
Thorell (1996) 
Schrenk (1996) 
Tat^arona 
(1996) 
Wright (1996) 
Fukushima 
(1996) 
Bdlon (1997) 
Present Study 
Operation 
Lap vs. Open Chole 
Lap vs. Open Chole 
Lap vs. Mini-Open 
Chole 
Lap vs. Open Chole 
Lap vs. Mini-Open 
Chole 
Lap vs. Open Chole 
Lap vs. Open Chole 
Lap vs. Open 
colectomy 
Lap vs. Open 
herniorrhaphy 
Lap vs. Open chole 
Lap vs. Open 
herniorrhaphy 
Lap vs. Open Chole 
Lap vs. Open 
herniorrhaphy 
Lap vs. Open 
Sigmoidectomy 
Lap vs. Open Chole 
Lap vs. Open Chole 
Study 
Hours 
48 
24 
7 days 
48 
24 
48 
3 days 
10 days 
24 
24 
5 days 
80 
24 
5 days 
7 days 
5 days 
Parameter 
IL 
IL-6 
IL-6 
IL-6 
IL-6 
IL-6 
TNF 
IL-6 
IL-6 
IL-6 
TNF, IL-6 
IL-6 
IL-6 
IL-6 
IL6, 
TNF, EL-l & 
10 
TNF-alpha 
Comment 
I 
i 
— V 
-* 
-
i 
i 
T 
— > 
-^ 
-
i 
— > 
T 
i 
i 
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Table 5-17: Comparisons of groups OC vs. LC and OC2 vs. 
TNF-alpha 
Sampling 
Time 
Preop 
Vz hr after 
Incision 
End of surgery 
1** postop day 
4* postop day 
OC group inclm 
OC Group 
(n=21) 
Mean 
(pg/ml) 
2.035 
0.279 
0.648 
17.894 
59.954 
ies2I patieni 
LC 
Group 
(n=21) 
Mean 
(pg/ml) 
11.388 
10.251 
11.478 
4.957 
22.788 
ts inclusive 
p-value 
0.101 
0.118 
0.053 
0.165 
0.374 
ofoneex( 
OC2 
Group 
(n=20) 
Mean 
(pg/ml) 
1.057 
0.293 
0.687 
11.839 
22.642 
Dessively hig 
LC 
LC Group 
(n=21) 
Mean 
(pg/ml) 
11.388 
10.251 
11.478 
4.957 
22.788 
1 expression. 
p-value 
0.072 
0.134 
0.070 
0.319 
0.999 
andOC2 
includes only 20 patients excluding the one excessively high expression. 
5.6.6. Comparison of TNF-alpha expressions in LC, OC and OH Groups 
In all the three groups (LC, OC and OH), there was found little or no expressions of 
TNF-a in the intra-op phase and significant enhancement of TNF-a expressions in the 
post-op phase with maximal rise on the 4th post-op day. However two differences 
were observed in this characteristic similar pattern of delayed enhancement of TNF-a 
expressions between lap and open groups. 
Firstly, TNF-a expression in LC group increased only on the 4th post-op day and that 
too the increase was statistically insignificant, while TNF-a expression in both the 
open groups (OC and OH) started to rise significantly on the very 1st post-op day and 
peaked on the 4th post-op day. 
Secondly, rise in TNF-a concentrations was more marked following both open 
cholecystectomy and open hysterectomy as compared to the laparoscopic group 
(Figure 4-7 Reproduced), although the inter-group differences between lap and open 
groups were not found statistically significant (p>0.05). 
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Figure 4-7 (Reproduced): Comparative Graphs of TNF Changes in LC, OC & OH 
groups 
Similar to our findings, Redmond et al (1994) observed the enhanced TNF-a 
expressions in the OC group. However, in a prospective randomized study. Hill & 
associates (1995) did not find any significant differences in cytokine expressions (IL-
6) following open & laparoscopic repair of inguinal hernia that involves only parietal 
tissue trauma. Although skin incision is fi^quently supposed to be the site of 
maximimi tissue trauma and is accordingly believed to evoke greater acute phase 
responses, this has not been substantiated by objective studies. 
In an animal model study, Douglas et al (1994) and later on Bessler and associates 
(1994) have observed greater elevations in IL-6 concentrations after laparoscopic 
colectomy in comparison to open colectomy. However, higher percentage increase in 
TNF-a level was recorded by them m the OC group on the 4* postoperative day and 
this finding is in accordance to our own observation. They concluded that lap chole is 
as stressfiil intraoperatively as the open chole group but the stress subsists less in the 
postoperative period in LC group. 
TNF-alpha expressions have been extensively studied by a number of investigators 
but their results proved variable from one another. The large variability of the 
different results is well illustrated by the following Table 5-18. 
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open hysterectomy group as compared to the lap chole group, although the inter-
group difference was not found statistically significant by the repeated measures of 
Bonferroni test (>0.05) (Table 4-78), although independent t-test did show significant 
intergroup difference on the 1^ post-op day (Table 4-74), indicating occurrence of 
Type 2 error. 
Cytokine response has been sparingly studied during the frequently performed Open 
Abdominal Hysterectomy. Our resuhs are a little at variance with those of Moore and 
associates (1994) who recorded increase in cytokine (IL-6) at 4 hours after Open 
Abdominal Hysterectomy under GA (p<0.01) and the cytokine level remained high 
until 48 hours, not returning to the baseline value. When epidural block (EDB) was 
added to GA, they found that cytokine level (IL-6) did not change significantly until 
12 hours after hysterectomy and then persisted significantly high until 48 hours. No 
statistical difference was found between GA and GA±EDB groups during the postop 
period (12-48 hours). 
It is a little disturbing to note that the present study by design did not include the 
group of combined GA±EDB - a procedure so commonly performed in general and at 
our own place in particular, and therefore we missed the opportunity of observing the 
amount and degree of immune modulation of the surgical stress by addition of the 
epidural block. 
5.6.5. Comparison between LC and OC 
TNF alpha expressionps between LC and Oc Groups were found almost similar at all 
the five timepoints in the study (p-value > 0.05). Even the OC group not containing 
one abnormal reading (0C2 Group) did not have any significant difference with the 
LC group (p-value > 0.05) (Table 5-17). 
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trials. Hence, an attempt was made in the present prospective controlled randomized 
study to elucidate and quantify the TNF-alpha expressions following cholecystectomy 
(lap and open) and hysterectomy (open), and the data so collected were analyzed 
critically and are presented herewith. 
5.6.2. TNF-alpha expression In Laparoscopic Cholecystectomy Group 
Present study recorded no enhancement of TNF-alpha expression during intra-
operative period as well as on the 1^ post-op day following laparoscopic 
cholecystectomy. However, a TNF rise was detected on 4* post-op day after lap chole 
but this was found statistically insignificant (p=0.442). 
This observation of the delayed TNF-alpha expression in the late post-op period 
confirms the opinion that laparoscopic intervention preserves the peri-operative 
immune responses as has also been reported recently by a number of investigators 
(Redmond et al, 1994; Allendorf et al, 1996; Berguer et al, 1998; Walker et al, 1999; 
Siestses et al, 2000; Sheen-Chen et al, 2002). 
5.6.3. TNF-alpha expression in Open Cholecystectomy Group 
TNF-alpha concentrations did not increase in the intra-operative period in open 
cholecystectomy group but these were expressed significantly on the 1^  post-op day 
and became more accentuated on the 4* post-op day. 
It is of interest to note that in the present study, OC group recorded one exceptionally 
high value of TNF-alpha on 4* post-op day in 1 out of 21 patients. When this 
abnormal reading was excluded, time course pattern revealed statistically significant 
enhancement of TNF-alpha expressions at half an hour after incision (p<0.05) as well 
as on 4* post-op day (p<0.001) (Table 4-69 and Figure 4-6). 
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TNF-a, OC group with and without 
abnormal reading 
Preop Half an hr Endofsurg Istpostop Athpostop 
Figure 4-6 (Reproduced): Comparative graph of TNF alpha Expressions in LC Group 
OC group includes 21 patients inclusive of one patient with excessively high 
expression, and 0C2 includes only 20 patients excluding the one patient with 
excessively high expression. 
However, comparison of this significant time course (n=20) with the LC group (n=21) 
again did not prove any significant statistical inter-group difference (p>0.05) at any of 
the five time points (Table 4-73). 
Thus an unexplained exceptionally abnormal reading in the present study did not 
affect the overall results of TNF-alpha expression in the OC group (Table 5-17), 
validating the adequacy of the sample size for each group of the present study which 
was calculated by the power of analysis. 
5.6.4. TNF-alpha expression in Open Abdominal Hysterectomy Group 
In the open abdominal hysterectomy group, TNF-alpha concentrations did not 
increase at all in the intra-operative period. Significantly enhanced TNF-alpha 
expressions were seen on the 1^* post-op day which increased further on the 4* post-
op day. 
In the present study, OH group (n=21) recorded TNF-alpha expression in a manner 
ahnost similar to that seen in LC group (Table 4-70 & 4-71 and Figure4- 7) with a 
characteristic pattern of delayed rise only in the post-op period which reached its peak 
value on 4th postop day, and the increased TNF-o production was more marked in 
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colleagues (1992) who found a 20-fold increase in CRP concentration after open 
cholecystectomy but only a 5-fold increase after laparoscopic cholecystectomy. 
It is interesting to note that in an animal model study, Dougjas et al (1994) observed 
greater elevations in IL-6 after laparoscopic left colectomy in comparison to open left 
colectomy through a 10-cm midline abdominal incision in mongrel dogs. Bessler and 
associates (1994) later substantiated this study by finding that IL-6 was elevated in 
pigs undergoing laparoscopic colon resection as compared with open colon resection. 
Tedious and protracted visceral tissue dissections during evolving laparoscopic colon 
resection possibly evoked enhanced acute phase response as compared to open 
colectomy through a 10-cm laparotomy incision where the surgeon is adept at colon 
resection, although ironically the original investigators thought of the greater acute 
phase response secondary to other factors Uke acidosis and hypercarbia associated 
with laparoscopy. 
Greater visceral tissue dissectional trauma coupled with enhanced acute phase 
response while operating on the acutely inflamed visceral peritoneum & structures is 
substantiated by Neis and associates (1996) who demonstrated significantly greater 
peripheral histamine response after laparoscopic cholecystectomy as compared to 
open cholecystectomy in acute cholecystitis. 
In the present study, CRP level diminished considerably on 4* postoperative day in 
laparoscopic group as compared to open group but the inter-group difference was not 
found statistically significant. This suggests that CRP expression gets normalized in 
the late complication-free post-operative period not only after laparoscopic surgery 
but also after open surgery. 
Therefore, our observations support the view that CRP can be used to quantify the 
surgical trauma and stress experienced by the individual patients. Higher CRP values 
in the intra-operative period as well as post-operative period until 4**" day indicate a 
major inflammatory response to the operative procedure done by either open or 
laparoscopic technique, and reflect perioperative tissue damage and antigen load. 
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5.6. IMMUNOLOGICAL RESPONSE FOLLOWING SURGERY 
5.6.1. Introduction -Tumour Necrosis Factor-alpha Expression 
Cytokines including Tumour Necrosis Factor-alpha (TNF-alpha) have been reported 
to be involved in the elevation of body temperature, haemodynamic and metabolic 
changes, and production of a series of acute-phase proteins in the inflammation and 
shock state (Patton et al, 1986; Tracy et al, 1997). In addition, results of in vivo 
experiments have shown that these cytokines work not only in the immune system but 
also have a close relationship with the neuroendocrine system and metabolism 
(Wolosky et al, 1985; Besdovskey et al, 1986). Thus these findings suggest that the 
cytokines are mediators in inflammation but kinetics of change in the serum 
concentrations of the cytokines in the acute inflammation are largely unknown 
(Ohzato et al, 1992; Luo et al, 2003). 
TNF-alpha, Interleukines-1 and -6 (BL-land IL- 6), etc. are derived from immune 
system and other tissues and they are the major objective markers of operative stress 
response as well as mediators of host immunologic reaction and acute phase 
response(Sendt et al, 1999; Leung et al, 2000; Mendoza -Sagaon et al 2000; Luo et al, 
2003). 
The cytokine response to surgery under normal conditions has been extensively 
investigated (Ohzato et al 1992; Baigrie et al, 1992; and Perry-Billings et al, 1992). 
Cytokines are considered sensitive markers of the tissue damage as they are usually 
supposed to be directly proportional to the degree of the surgical trauma (Cruickshank 
et al, 1990). 
The pro-inflammatory cytokines (IL-1, IL-6 and TNF-alpha) and the anti-
inflammatory cytokines (IL-4 and E.-10) have local as well as systemic effects, which 
attempt to limit the injury and inflammation, and provide a suitable environment for 
tissue healing and repair towards favourable outcome (Helmy et al, 1999). 
However, expressions of TNF-alpha, a primary inflammatory mediator, are not 
consistently reproducible under clinical situations to achieve a consensus, suggesting 
either their expressions are too sensitive to measure properly, a statement that is not 
tenable in the current scenario of sophisticated laboratory technological advancement, 
or there are other factors interacting with the cytokine expressions, a situation that is 
evidently plausible all the time in clinical practice, leading to variable or even 
conflicting reports. This warrants more research work in better controlled randomized 
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This discrepancy in observations of the different workers may simply be the reflection 
of the patient selection for the two groups rather than the technique of surgery: 
anticipated difficult cases are often relegated to open surgery with prolonged &/or 
extensive visceral tissue dissection that may enhance the degree of immunological 
modulation many fold, an observation that was also documented even in animal 
models (Douglas et al, 1994 and Bessler et al, 1994). 
In the present study, similar acute phase protein response was observed in patients fit 
for laparoscopic cholecystectomy when operated upon by open cholecystectomy with 
easy visceral tissue dissection. The SAGES Guidelines assume greater significance in 
the light of the present study as better surgical skills will minimize the visceral tissue 
dissectional trauma with attenuation of the various acute phase responses that may 
prove important deciding actors for the final clinical outcome. More importantly, this 
observation reassures the surgeon as well as the patient, especially in developing 
countries, not to be shy of the open approach in a given situation when surgery is 
indicated for cholelithiasis. 
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Table 5-16: Comparative CRP Responses modified from Kehiet (1999) 
Author 
Joris (1992) 
Mealy (1992) 
Roumen (1992) 
McMahon 
(1993) 
Cho (1994) 
Jakeways 
(1994) 
Berggren (1994) 
Redmond 
(1994)* 
Stage (1997) 
Hill (1995) 
Schrenk (1996) 
Targarona 
(1996) 
Wright (1996) 
Fukushima 
(1996) 
Halevy (1995) 
Gebhard (1996) 
Present Study 
Operation 
Lap vs. Open Chole 
Lap vs. Open Chole 
Lap vs. Open Chole 
Lap vs. Mini-Open Chole'' 
Lap vs. Open Chole 
Lap vs. Open Chole 
Lap vs. Mini-Open Chole 
Lap vs. Open Chole 
Lap vs. Open colectomy 
Lap vs. Open herniorrhaphy 
Lap vs. Open herniorrhaphy 
Lap vs. Open Chole 
Lap vs. Open hemiorriiaphy 
Lap vs. Open 
Sigmoidectomy 
Lap vs. Open Chole 
L ^ or open pneumothorax 
surgery 
Lap vs. Open Chole 
Study 
Hours 
48 
24 
24 
7 days 
48 
12 
24 
3 days 
10 days 
24 
5 days 
80 
24 
5 days 
24 
3 days 
5 days 
Comments on 
CRP 
i 
i 
i 
—* 
i 
i 
- * 
-
t 
- > • 
— > 
-
-^ 
-
4 
i 
i 
P-
value 
<0.05 
<0.05 
<0.01 
>0.05 
<0.05 
<0.01 
>0.05 
>0.05 
<0.01 
>0.05 
>0.05 
>0.05 
>0.05 
>0.05 
<0.001 
<0.01 
>0.05 
•Expressed as area under the curve; ^ Open procedures were done as "mini' 
cholecystectomy using 5-7 cm incision; "include various open & lap operations 
majority of which were lap chole; ^ First post-operative day. 
Newer and more sensitive stress biomarkers may further verify the clinical 
implications of surgery-induced immune stress response to achieve the goal of 
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"facilitated' or "fast track" surgery. However, proper patient selection and pre-
operative optimization of patient in terms of pre-operative counselling & anxiety 
alleviation, pre-emptive analgesia, balanced smooth anaesthesia, surgical tissue 
respect with judicious use of energy power source, optimal pain control, early enteral 
nutrition and mobilization- things often emphasized but usually least bothered for the 
so-called routine open surgery, may have greater impact on the better clinical 
outcome of surgery under controlled conditions rather than the type of the surgical 
technique itself when visceral tissue dissectional trauma is comparable. This peri-
operative patient optimization has also been strongly emphasized by Kehlet and 
Wilmore (2002) as well as Andersson & associates (2006) who propagated the 
multimodal approach for peri-operative immunomodulation because multiple pro- and 
anti-inflammatory factors are involved in the surgery-induced acute stress response. 
5.5.4. Comparison of CRP responses between LC and OH 
On comparison of LC group with open hysterectomy group (OH), a non-biliary 
procedure, the intergroup differences were not found statistically significant 
throughout the intra-operative period (p > 0.05) but became significant in the 
postoperative period at day 1 and day 4 (p = 0.002 and 0.039 respectively), indicating 
more pronounced stress responses following open hysterectomy as compared to 
laparoscopic cholecystectomy because surgery-induced enhancement of CRP 
expression typically occurs in the post-operative period (Table 4-60). 
In our study, the longer duration of surgery in hysterectomy group than in LC group 
(118.81 min. vs. 71.62 min.) suggests prolonged extensive visceral tissue dissection 
which in turn was reflected in the greater CRP enhancement in the hysterectomy 
group. 
Since the outset, extensive research has been done to compare laparoscopic 
cholecystectomy with open cholecystectomy; none has compared the laparoscopic 
cholecystectomy with open abdominal hysterectomy in a prospective study, and 
therefore, it is difficult to validate the observed comparative CRP responses in the 
laparoscopic cholecystectomy and non-biliary open surgery. 
It is of interest to note that open chole as a control for validation of lap chole is fast 
disappearing following rapid development of better surgical skills and anaesthetic 
techniques. Therefore, the option of open chole based on non-professional reasons is a 
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blessing in disguise from academic research point of view that provided us an 
excellent opportunity to carry out focussed thorough study with the help of proven as 
well as newer biomarkers. 
5.5.5. Comparison of CRP Expressions between OC and OH groups 
The inter-group differences between OC and OH groups were found insignificant 
throughout the intra-operative period but they were significant (p=0.006) in the 
postoperative period with more pronounced changes in hysterectomy group at 
postoperative day 1 (Table 4-61). Although both open cholecystectomy and open 
hysterectomy have been place under 'intermediate risk procedure' category (Davies 
and Cashman, 2006) with equal risk involved to the patient but they triggered 
different expressions of acute phase response. This is, in all probability, due to the 
prolonged extensive visceral dissection reflected in the longer duration of surgery in 
the open hysterectomy group (118.81 minutes) than in the straight-forward simple 
open cholecystectomy (73.76 minutes). 
5.5.6. Comparative CRP responses among LC, OC and OH groups 
ANOVA revealed significant differences in CRP responses only on the f' post-op 
day among LC, OC and OH groups and further multiple comparison by Bonferroni 
test clarified that the significant differences (p<0.001) in CRP concentrations really 
existed between laparoscopic cholecystectomy (LC) and open hysterectomy (OH) 
groups only (Tables 4-62 & 4-63; Figure 4-5). 
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Figure 5 (Reproduced): Comparative Graphs of CRP Changes in LC, OC & OH 
groups 
The degree of alteration of CRP was noted to be more than 6-fold after open 
hysterectomy, but only greater than 3-fold increase was noted following laparoscopic 
cholecystectomy. This highlighted the fact that the major visceral tissue dissection in 
open hysterectomy evokes major acute phase responses, and low risk endoscopic 
procedures initiate lesser degrees of acute-phase responses as emphasized by Chassot 
et al (2002). In other words, the classical general notion that skin incision is 
frequently the site ofmaxiihum tissue trauma with resultant greater evoked surgical 
stress, does not holds good under the scanner of evidence-based medicine. 
Therefore, observations of the present study imply that the amount of visceral tissue 
dissectional injury may be the most important or the sole contributory factor towards 
systemic stress response following surgery. This aspect may be the true reflection of 
the laparoscopic cholecystectomy where patient is invariably selected on the technical 
feasibility based on pre-operative imaging studies, i.e., the similar trauma responses 
in both LC & OC groups may be the effect of patient selection criteria, as added tissue 
dissection in complicated cases may have enhanced the degree of immunological 
modulation many fold, and this was also confirmed by the findings of Joris and 
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Our results were also consistent with those of McMahon and associates (1993) who 
also did not record any significant difference in CRP expression after mimlqparoiomy 
cholecystectomy (minilap chole) and laparoscopic cholecystectomy. These studies do 
suggest that length of the incisions (2cms in lap chole, 5-6 cms in minilap chole and 
9-10" cms in open chole) is rather immaterial with respect to CRP modulation, 
although skin incision has been regarded since long as the site of maximal tissue 
trauma. The notion of 'the larger the parietal incision & dissection were, the greater 
evoked acute phase response was believed to occur' has, therefore, been negated by 
the evidence-based medicine, leading to a better understanding and modulation of 
surgery-induced stress response for improved patient care & outcome. 
In a prospective randomized study (n=34), Hill and associates (1995) did not find any 
significant difference in CRP (& lnterleukin-6) expressions following open and 
laparoscopic inguinal hernia repair that involves only parietal tissue trauma in either 
approach. This suggests that neither acute parietal tissue incisional injury nor the 
pneumoperitoneum affects the CRP expression, indirectly indicating the role of 
visceral tissue dissection for immune modulation. This goes in tune with our own 
observation in open and lap chole. 
Similarly, Schrenk et al (1996) and Wright et al (1996) were not able to record any 
significant difference in the CRP expressions following open and laparoscopic 
herniorrhaphy and confirmed the observations of Hill et al (1995). 
Interestingly, Fukushima and associates (1996) observed similar CRP expressions 
following open and laparoscopic sigmoidectomy. In sharp contrast to these 
observations. Stage et al (1997) recorded significantly higher CRP enhancement after 
lap colectomy (n=15) as compared to the open colectomy (n=14) (p<0.01). However, 
this study had several Umitations like small sample size with respect to power of 
significance, combined retrospective and prospective data and much longer operation 
time taken for laparoscopic colectomy. 
However, less CRP change after laparoscopic surgery as compared to open surgery 
have been recorded from time to time by various other investigators (Jakeways et al, 
1994; Karayiannakis et al, 1997; Akhtar et al, 1998; Kristiansson et al, 1999; Sietses 
et al, 1999; Grande et al, 2002; Haq et al 2004; Boo et al, 2007 and Torrez et al, 2007) 
who intended to support the original notion of so-called minimal invasiveness of 
laparoscopic surgery. A comparative table of some studies is given below to highlight 
the conflicting results (Table 5-16). 
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operative accentuation of CRP expression. Moore and associates (1994) further 
observed that this CRP response was not altered by addition of epidural block to GA 
(p>0.05). 
It is a pity that iione of our patients by design received an additional epidural block 
that would have facilitated the better understanding of the fast-evolving current 
concept of the combined regional-cum-general anaesthesia for modulation of surgery-
induced acute stress response, especially in a subset of Indian population, in the 
present scenario of hysterectomy being done frequently under epidural block with/ 
without general anaesthesia at our institution. 
5.5.3. Comparison of CRP Changes between the LC & OC Groups 
In the OC group of the present study, patients fit for lap chole were, by virtue of non-
medical reasons, were operated upon by the conventional open technique that proved 
as easy and straightforward as the laparoscopic cholecystectomy itself 
The intergroup differences in the markedly accentuated CRP expressions observed in 
both the lap chole and open chole groups were not significantly different from each 
other (p>0.05) at any time point during intra-operative as well as postoperative 
periods (Table 4-68), suggesting that comparable visceral tissue dissection in 
straightforward lap chole and straightforward open chole evoke similar acute phase 
protein expressions and the technique of the surgery appears immaterial with respect 
to surgical stress modulation. Furthermore, lap chole was found as stressful as the 
open chole and should not be otherwise taken lightly. 
Thus present study confirms that length of the anterior abdominal wall incision (2 cms 
in LC and 6-9 cms in OC) and parietal tissue dissectional injury play little or no 
significant role for the development of enhanced acute phase response and that the 
amount of visceral tissue dissectional injury may be major contributory factor or even 
sole factor towards systemic stress responses. 
This proposition is supported by little or no difference in acute phase responses 
reported by Hill et al (1995), Schrenk et al (1996) and Wright et al (1996) during open 
and laparoscopic hemioplasty which involved only parietal tissue dissectional injury. 
The present study fiilly supports the findings of Redmond & colleagues (1994) and 
Bruce & associates (1999) who were unable to detect any significant difference in 
CRP levels between open cholecystectomy and laparoscopic cholecystectomy. 
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5.5. ACUTE-PHASE REACTANT RESPONSE AFTER SURGERY 
C-Reactive Protein Expression: The hepatic generation of acute phase proteins is a 
well recognized response to acute tissue injury and C-reactive protein (CRP) is a key 
acute phase protein marker (Gauldie et al, 1987) that usually has a consistent response 
and provides a dependable screening test for overall acute phase response and hence, 
its expression in serum was also measured in the present study. 
In general, sudden rise of CRP indicates an acute inflammatory process (Morley and 
Kushner, 1982) and their level rises in circulation within 24-48 hours following 
surgery depending upon the extent of the tissue injury and inflammation. In 1990, 
Cruickshank and colleagues graded the response of elective surgery of varying 
severity with the help of C-reactive protein and found it as an important and reUable 
biomarker. It was interesting to note that CRP was in non-detectable concentration 
(<10|i/ml) after minor surgery in their study, indicating little or no acute phase 
response following minor surgery. 
In the light of the biochemical data recorded in the present study, some major aspects 
of C-reactive protein (CRP) were analyzed and are provided herewith. 
5.5.1. CRP Response during Laparoscopic Cholecystectomy 
Since the advent of the laparoscopic technique, investigators have been increasingly 
trying to quantify this important biomarker of acute phase reaction and inflammation 
following laparoscopic cholecystectomy (Lap Chole) by measuring CRP 
concentration in the serum. Majority of them observed increase in C-reactive protein 
concentration as compared to the pre-operative value even after surgery done through 
laparoscopic technique that was initially believed to be minimally invasive in nature. 
Present study also recorded that CRP level started to increase just after half-an-hour 
of start of lap chole though it was not found statistically significant (>0.05) and it 
increased fiirther to become highly significant at end of operation (p<0.004). Marked 
CRP enhancement as compared to the pre-operative value was observed in the 
postoperative period with peak on the 4**" day (p<0.001) (Table 4-53). 
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This pattern of CRP changes is in fiill agreement with the observations of Roumen et 
al (1992), Mealy et al (1992), Joris et al (1992), Cho et al (1994), Halevy et al (1995), 
Karayiannakis et al, (1997) and Haq et al, (2004). 
However, Sari & Sevinc (2004) observed minimal changes in CRP after Lap Chole 
(p>0.05), lending support to the current notion of lap chole as 'minor surgery'. 
Certain factors like asymptomatic cholelithiasis with no complaint of colic or 
inflammation, gentle technique and tissue respect coupled with minimal or no 
utilization of energy power source like electro-surgical cautery and lower 
pneumoperitoneum or no pneumoperitoneum (gasless laparoscopy) may provide a 
favourable situation with minimal or no enhancement of the CRP expression, as 
recorded by Sari and Sevinc (2004).Thas little or no CRP expression has been found 
to have prognostic predictive value for non-development of post-surgical 
complications following minor surgery. 
5.5.2. CRP Responses during Open Operations - OC & OH Groups 
In both the conventional open groups, CRP increased significantly even after half an 
hour of start of surgery (p < 0.001) with fiirther enhancement at the end of surgery 
and reached to its peak on 1"* postoperative day (Tables 55 - 58). Thereafter, CRP 
concentration declined a little on 4th day but remained significantly higher than the 
pre-operative level (p<0.001). 
The observations of more accelerated CRP response and that too lasting longer after 
open cholecystectomy recently reported by Luo et al (2003) and Haq et al (2004) are 
in disagreement with the, findings of the present study. Selection bias for 
randomization of patient for lap chole or open chole, or lack of proper randomization 
at all may be the most probable limitation in these studies as difficult cases are often 
relegated to the open technique, leading to protracted difficult visceral tissue 
dissection. Ihis indirectly supports our proposition that greater amount of visceral 
tissue dissectional trauma plays the crucial role for greater degree of acute stress 
response. 
With respect to open abdominal hysterectomy under general anaesthesia (GA), Moore 
associates (1994) recorded significant increase in CRP only after 24 hours following 
surgery and then its peak at 48 hours. This finding of increase in CRP only in the late 
post-op period is at variance to our observation of intra-operative as well as post-
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open group at the end of surgery during extubation. Although paradoxically, 
combined urinary epinephrine and nor epinephrine levels were modestly higher in the 
open cholecystectomy group than laparoscopic group, and he attributed the lower 
urinary catecholamines in LC group to the pneumoperitoneum-induced decrease in 
GFR. 
In the conventional open groups, the more pain, fatigue and delayed discharge may be 
linked with enhanced norepinephrine responses in postoperative period (Kristiansson 
et al, 1999). 
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5.4.1.3.2. Norepinephrine Response on the •/* post-operative day 
On the 4* post-operative day, LC group recorded 15 % fall of NE below the pre-
operative value which was statistically significant (p<0.001) while the open groups 
showed 7 - 13 % fall of NE below the pre-operative level which was not found 
significant (p>0.05). However, the Inter-group difference between lap and open 
groups was not significant statistically (p>0.05) (Table 5-12 and Figure 4-4). 
This fall of NE values in the late post-operative period well below the pre-operative 
levels in all the three groups (LC, OC and OH) of the present study is similar to the 
changes of epinephrine and Cortisol concentration of the present study, flirther 
supporting the presence of marked degrees of pre-operative anxiety and apprehension 
which are potent activators of the sympatho-adrenal system and has been discussed in 
detail under the Cortisol response. 
This observation is fiirther supported by the recent findings of by Syed and associates 
(2004) who did not find any significant increase in plasma catecholamines and its 
urinary metabolite excretion following major elective open chest coronary 
revascularization surgery. They explained it on the basis of good perioperative 
anxiolysis and planned pain relief achieved by modern anaesthetic techniques 
adopted in their study. Their observations were in full agreement with the much 
earlier report of Hine and associates (1976), emphasizing the earnest need of the best 
possible counselling before surgery and pre-medication and intra-operative & post-
operative effective pain treatment. 
This means the greater and dedicated involvement of the anaesthetic team whose 
perception and philosophy will play the crucial role in attenuation/ abolishment of the 
unfavourable peri-operative stress response; customarily the surgical team manages 
the post-operative pain relief that is often found grossly inadequate in terms of drug, 
dose, fi'equency and route of administration. 
Therefore, the anaesthetist-in-charge of a particular patient should make a little extra 
effort at the end of surgery and provide a written advice for post-operative effective 
analgesic schedule best suited to that particular patient in the light of the intra-
operative medications. This will go a long way for adequate attenuation of the 
surgery-related acute stress response and possible betterment of the overall outcome. 
In partial agreement to our finding, Ortega et al (1996) had found higher serum 
norepinephrine concentration initially in laparoscopic group, which became similar to 
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In both the OC & OH groups also, intra-operative NE enhancement (2-fold) was 
lower than the intra-operative EPI enhancement (3.6-fold) though both values were 
highly significant with respect to their pre-operative values (p<0.001) (Table 5-15 and 
5-16) (Figure 4-3 and 4-4 reproduced). 
Table 5-15: Comparison of Epinephrine & Norepinephrine Responses in OH 
group 
Sample 
Time 
Pre-Op. 
Vz Hour 
after 
Incision 
End of 
Surgery 
Postop 
Day 1 
Postop 
Day 4 
EPINEPHRINE IN OH 
Means 
(nmol/L) 
0.259 
0.525 
0.910 
0.685 
0.209 
Changes 
% 
102.70 
% 
251.35 
% 
164.48 
% 
-19.31 
% 
nX 
2.0 
5.5 
2.6 
0.8 
P-
value 
-
<0.001 
<0.001 
<0.001 
<0.01 
NOREPINEPHRINE IN OH 
Means 
(nmol/L) 
2.325 
3.483 
4.37 
4.046 
2.157 
Changes 
% 
49.8 
% 
88.0 
% 
74.0 
% 
-7.2 
% 
nX 
1.0 
1.9 
1.7 
0.9 
P-
value 
<0.001 
<0.001 
<0.001 
>0.05 
5.4.1.3.1. Norepinephrine Response on the Impost-operative day 
Comparison between LC and open groups (OC/ OH) shows differential NE fall on the 
1^  post-operative day from the intra-operative peak in the two groups - 43.4 % in LC 
group and only ~7 % in the open groups (Table 5-12). This observation suggests 
much faster recovery of the acute stress response in patients operated 
laparoscopically, lending strong support for the fast evolving Day Case Surgery/ 
Fast-Track Surgery. 
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Table 5-13: Comparison of Epinephrine & Norepinephrine Responses in LC 
group 
Sample Time 
Pre-Op. 
»/i Hr after 
Incision 
End of 
Surgery 
Postop Day 1 
Postop Day 4 
EPINEPHRINE IN LC 
Means 
(nmoI/L) 
0.289 
0.536 
0.838 
0.370 
0.240 
Changes 
% 
-
85.47 % 
189.97 
% 
28.03 % 
-16.96 
% 
nX 
-
1.9 
2.9 
1.3 
0.8 
p-value 
-
<0.001 
<0.00l 
<0.05 
>0.05 
NOREPINEPHRINE IN LC 
Means 
(nmol/L) 
2.228 
3.6 
4.813 
2.725 
1.9 
Changes 
% 
-
61.6 
% 
116.0 
% 
223 
% 
-14.7 
% 
nX 
-
1.6 
2.2 
0.9 
1.2 
p-value 
-
<0.001 
<0.001 
<0.05 
<0.001 
Table 5-14: Comparison of Epinephrine & Norepinephrine Responses in OC 
group 
Sample Time 
Pre-Op. 
Vi Hr after 
Incision 
End of 
Surgery 
Postop Day 1 
Postop Day 4 
EPINEPHRINE IN OC 
Means 
(nmol/L) 
0.222 
0.536 
0.795 
0.608 
0.211 
Changes 
% 
141.4 
258.1 
173.9 
4.95 
n 
X 
2.4 
3.6 
2.7 
1.0 
p-value 
-
<0.001 
<0.001 
<0.001 
>0.05 
NOREPINEPHRINE IN OC 
Means 
(nmol/L) 
2.028 
3.115 
4.22 
3.943 
1.772 
Changes 
% 
53.6 
108.1 
94.4 
-12.6 
n 
X 
1.5 
2.1 
1.9 
0.9 
P-
value 
<0.001 
<0.001 
<0.001 
>0.05 
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Table 5-12; Norepinephrine Responses in LC, OC and OH Groups 
NE 
Sample 
Time 
Pre-Op. 
'/ihr 
after 
Surgery 
End of 
Surgery 
1* Post-
Op. 
Day 
4* 
Post-
Op. 
Day 
LC 
Mean 
(nmol/ 
liter) 
2.228 
3.600 
4.813 
2.725 
1.900 
% 
Changes 
61.58 
116.02 
14.72 
2231 
p-vaiue 
-
<0.001 
<0.001 
<0.05 
<0.001 
OC 
Mean 
(nmol/ 
liter) 
2.028 
3.115 
4.220 
3.943 
1.772 
% 
Changes 
53.60 
108.09 
94.43 
12.62 
P-
value 
-
0.001 
0.001 
O.OOl 
>0.05 
OH 
Mean 
(nmol/ 
liter) 
2325 
3.483 
4.370 
4.046 
2.157 
% 
Changes 
49.81 
87.96 
74.02 
7.23 
P-
value 
-
<0.001 
<0.001 
<0.001 
>0.05 
A.NOVA 
sig. 
>0.05 
>0.05 
>0.05 
<0.001 
>0.05 
Significant rapid rise of NE at half-an-hour after start of the surgery and peaking at 
the end of surgery though comparable among the three groups (p>0.05: Table 5-12) 
were possibly due to different causal factors which have been already discussed in 
detail under the head of epinephrine and Cortisol responses in the present study. 
However, certain small but important differences between the Epinephrine and 
Norepinephrine responses in LC, OC, and OH Groups deserve consideration: 
Intra-operative Period: In the LC group, there was 2-fold increase in intra-operative 
NE concentration as compared to the 3-fold increase in intra-operative EPI 
concentration; however their statistical significance vwth respect to their pre-operative 
levels was found same (p<0.001) (Table 5-13) and Figure 5-6. 
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5.4.13. Serum Norepinephrine (NE) Responses 
The pattern of the norepinephrine response in the present study was found almost 
exactly similar to that of the epinephrine response in the intra-operative as well as 
post-operative period in all the three groups (LC, OC, and OH) as is evident from the 
comparative graphs in the Figures 5-6 below. 
Norepinephrine - LC, OC and 
OH 
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Figure 5-6: Norepinephrine & Epinephrine Response in LC, OC and OH Groups 
Similar time course patterns and proportions of epinephrine and norepinephrine have 
also been reported by Bickel et al (1991) during open cholecystectomy. 
Intra-operative Response: Results similar to our observations of maximimi 
norepinephrine (and epinephrine) responses during intraoperative period in 
laparoscopic and open cholecystectomy groups have also been reported by a number 
of mvestigators (Ratge et al, 1990; Anand and Hickey, 1992; Glaser et al, 1995; 
Ortega et al, 1996; Hendolin et al, 2000; Haq et al, 2004) (Table 5-12). 
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Furthermore, LC vs. OH difference on 4*** post-op day through Bonferroni test was not 
found statistically significant (p>0.05), indicating that fall of epinephrine 
concentration below the pre-op level was equivalent in the two groups. In other 
words, patients in these two groups had similar degrees of procedure-related although 
causal factor was in all probability different - anxiety and apprehension of newer 
technology in LC group, and anxiety and apprehension of uterine loss in the OH 
group. 
Thus we see that on the 4* postoperative day, the plasma epinephrine concentrations 
fell well below the pre-operative values in all the three groups of the present study-
the fall being 17 %, 5 % and 19 % in LC, OC and OH groups respectively though 
statistically significant only in the OH group (Table 4-41). This simply indicates that 
the patients were already under significant degree of stress even before induction of 
anaesthesia and surgery due to marked pre-op procedure-related anxiety and 
apprehension, and hence sampling immediately prior to surgery is not the true 
representative of the patient's base line value. This aspect has already been discussed 
in details in relation to Cortisol response in the LC group. 
Herein, statistically significant 19 % fall below the pre-op value in OH group on the 
4* post-op day needs a little attention. These patients, although beyond their 
reproductive age but not so old (Mean age 45.095 ± 4.918), possibly had additional 
anxiety and apprehension of a different nature as compared to the additional anxiety 
& apprehension of newer technology in the LC group. 
In addition to the fears and concerns related to undergoing any kind of surgical 
treatment, surgery on the reproductive organs involves unique issues because the role 
these organs play in a women's life adds significance to them. Removal of uterus is 
seen as a threat to a woman's femininity, and many women are concerned that this 
treatment will disrupt their family life. Furthermore, in the eyes of the general public, 
open hysterectomy is usually regarded as a real major surgery in comparison to the 
open cholecystectomy. 
All the same, statistically insignificant 5 % fall in the OC group may simply mean that 
the patients in general consider the conventional cholecystectomy as a straightforward 
routine operation usually with low morbidity and mortality as it is so frequently done, 
and therefore, these patients were not so stressed as in the LC or OH group. 
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Midline incision was found to cause more pulmonary dysfunction than transverse 
incision (Becquemin et al, 1985). 
In the present study, the greater epinephrine responses after open hysterectomy in the 
intra-operative period as well as post-operative period as compared to laparoscopic 
cholecystectomy and open cholecystectomy can only be explained on the basis of 
increased duration of surgery with extensive protracted visceral tissue dissection 
(118.8±9.2 min in OH vs. 73.8±16.6 in OC and 71.7±14.0 in LC) (Table 4-5). This 
was also verified by the Pearson Correlation Coefficients (r >0.7). 
Le Blanc-Louvry et al (2000) also noted that concentrations of hormonal parameters 
in both LC and OC groups are significantly higher when the duration of surgery is 
increased; flirthermore, they also noted that greater requirement of analgesics to 
relieve post-operative pain was statistically correlated with greater increase in the 
urinary catecholamine levels reflective of the higher concentration of plasma 
catecholamines that suggests the continued activation of the adrenergic system with 
enhanced hormonal metaboHc response of the surgical stress. This simply implies that 
the post-operative incisional pain plays a crucial role for modulation of the surgery-
induced stress response in the second phase (post-operative). Their study apparently 
lends support to the general notion of 'smaller incision means lesser invasiveness and 
pain' but in reality it does not holds true on closer scrutiny because even small 
incision may be painful to varying degrees depending upon its aetiological factor(s) 
like opening of free nerve endings, muscle splitting or cutting, use of electro-surgical 
cautery for coagulation & cutting, nerve entrapment during wound closure and 
healing with fibrosis, etc. 
Kristiansson et al (1999) also emphasized that the continued enhanced epinephrine 
responses in postoperative period may be linked with the more post-operative pain 
and fatigue in conventional groups. 
4* postoperative day: The inter-group differences among the three groups (LC, OC 
and OH) were found statistically significant (ANOVA significance p<0.05). Further 
analysis by Bonferroni test revealed that LC vs. OC difference was significant 
(p<0.05), indicating that fall in epinephrine concentration below the pre-op level was 
much more (17 %) in LC group as compared to fall in epinephrine concentration 
below the pre-op level (only 5 %) in the OC group. In other words, patients 
undergoing lap chole were more under pre-op stress than those undergoing open chole 
and possible aetiology has already been discussed. 
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between LC vs. OC and LC vs. OH were statistically significant (p<0.001) and inter-
group difference between OC vs. OH was not significant (p>0.05) (Table 4-41). 
The epinephrine concentration on the 1^* post-op day with respect to the preop level 
decreased only slightly and persisted markedly high in both the open groups 
(p<0.001) as compared to the LC group which showed marked decrease but still 
persisted significantly high (p<0.05). That means that the surgery-induced stress was 
continued in the post-operative period until r' post-op day in all the three groups; 
however it was markedly less in LC group than in either of the two open groups 
((p<0.05). 
Inter-group difference between OC and OH on 1^ post-op day was not found 
statistically different (p<0.05), indicating that contirmedpost-op stress was equivalent 
in the two open groups. 
Glaser et al (1995), Le Blanc-Louvry et al (2000) and Haq et al (2004) also recorded 
significantly higher plasma epinephrine levels in open group on l^ ' postoperative day 
as compared to laparoscopic group. They concluded that LC is less invasive than OC 
because this surgical procedure induces a shorter neurohormonal stress response 
than OC, even if high intra-operative response recorded in the two groups was not 
statistically different from each other. 
However, Hendolin et al (2000) detected the normalization of the epinephrine 
concentration on the 1^  post-op day not only after laparoscopic cholecystectomy 
under GA alone but also after the conventional open cholecystectomy under GA 
combined with right-sided intercostal bupivacaine block before incision plus 
bupivacaine wound infiltration. As bupivacaine effect on the morning of the 1^  post-
op day was already worn off, they concluded that the pre-emptive analgesia with 
improved breathing did attenuate or even abolish the post-operative, epinephrine 
response following open surgery, as the extended post-operative epinephrine respome 
appeared related directly to the amount of the parietal incisional wound pain. 
Simonneau et al (1983) demonstrated considerable impairment of diaphragmatic 
fimction after subcostal incision for open cholecystectomy but they did not detect any 
effect of thoracic epidural anaesthesia with respect to attenuation or prevention of this 
diaphragmatic dysfimction. The net result of the persistent pulmonary dysfunction is 
postoperative hypoxaemia that results in contirmous sympathetic activation and 
extended hormonal responses. 
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lOP: intra-operative; POP: post-operative; —>: No difference between Lap vs. Open 
Chole; i: Reduced response in Lap vs. Open surgery; t; Increased response in Lap vs. 
Open surgery. 
Ortega et al (1996) reported that the serum epinephrine concentration in OC group 
was lower intra-operatively than that in LC group although the difference between the 
two was statistically significant only at the end of surgery and extubation. 
Paradoxically, they discovered that the urinary level of epinephrine (and 
norepinephrine) was modestly higher in the open cholecystectomy group than in the 
laparoscopic group. They stressed upon the suggestion that the intraoperative higher 
elevation of plasma epinephrine during laparoscopic cholecystectomy may be related 
to the insufflation of highly soluble carbon dioxide on the carotid and aortic 
chemoreceptors and an enhanced sympathetic outflow mediated by afferent impulses 
to the subcortical centres. 
They further suggested that the higher urinary epinephrine found intraoperatively 
during open cholecystectomy may be result of differential plasma catecholamine 
clearance associated with the pneumoperitoneum which is supported by the 
observation of diminished glomerular filtration rate during laparoscopic 
cholecystectomy by Iwase et al (1993). 
This decrease in GFR was fiirther supported by the earlier findings of increased 
concentration of antidiuretic hormone (ADH) during laparoscopic surgery (Punnonen 
et al, 1982 and Melville et al, 1985). The mechanism described for elevation of ADH 
leading to reduction in GFR and catecholamine clearance is the stimulation of 
peritoneal pressure receptor or stretch receptor or both; alternatively, decreased 
inferior vena caval blood flow secondary to the increased intra-abdominal pressure 
under pneumoperitoneum activates the intrathoracic volume receptors and augments 
the pituitary release of ADH. 
The differential metabolism of catecholamine was, however, not assessed by Ortega 
et al (1996) in terms of catecholamine metabolites as urinary metanephrines and 
vanilmandelic acid (VMA). However, they suggested that alternative mechanism of 
differential metabolism of catecholamines may occur during open and laparoscopic 
cholecystectomy. 
On the 1** post-op day, the inter-group differences among the three groups (LC, OC 
and OH) were found statistically significant (ANOVA significance p<0.001) (Table 
4-40). Further analysis by Bonferroni test revealed that inter-group differences 
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Mealy and associates (1992) studied catecholamine metabolites and found no 
statistical difference in metanephrine concentration in both the LC and OC groups, 
aside slightly higher urinary VMA levels in laparoscopic group. 
However, in accordance to the present observations, a large number of investigators 
have also found maximum and equal epinephrine responses during intraoperative 
period in open as well as in laparoscopic cholecystectomy groups, so well illustrated 
in the following Table 5-11 adapted and modified from Henrik Kehlet (1999). 
Table 5-11: Comparative Epinephrine Responses modified from Kehlet (1999) 
Author 
Joris (1992) 
Mealy (1992) 
McMahon 
(1993) 
Berggren (1994) 
Glaser (1995) 
Ortega (1996) 
Hendolin (2000) 
Le Blanc-Louvry 
(2000) 
Haq (2004) 
Present Study 
Operation 
Lap vs. Open 
Chole 
Lap vs. Open 
Chole 
Lap vs. Mini-
Open Chole 
Lap vs. Mini-
Open Chole 
Lap vs. Open 
Chole 
Lap vs. Open 
Chole 
Lap vs. Open 
Chole 
Lap vs. Open 
Chole 
Lap vs. Open 
Chole 
Lap vs. Open 
Chole 
Study 
Hours 
48 
24 
7 days 
24(Urine) 
1-
2(Serum) 
48 
24 
24 
24 
24 
4 days 
Parameter 
p- catecholamine 
u-metanephrine 
u-VMA 
p- catecholamine 
u-catecholamine 
p- catecholamine 
p-epinephrine 
p- catecholamine 
u-catecholamine 
p- catecholamine 
u-catecholamine 
p- catecholamine 
p- catecholamine 
lO 
P 
-
- > 
-
-
-
T 
I 
- > 
-
-
- > 
PO 
p 
i 
i 
i 
i 
i 
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In 2000, Desborough emphasized that the stimuli for the acute stress response arise 
from visceral and peritoneal afferent nerve fibres in addition to those from the 
abdominal wall. It is suggested that anaesthetic adjuvants can diminish the accelerated 
hormonal response during surgery but were unable to abolish it completely as this 
reflex response may be transmitted through spinal cord with some influence from 
higher centres (Clark et al, 1970), but this suggestion was, later on, not supported by 
Hine et al (1976) and Syed et al (2004) even in patients undergoing major operations 
of cardiopulmonary bypass and coronary revascularization. 
5.4.1,2.3. Comparison ofs-Epinephrine Levels among the LQ OC & OH 
Pre-operative plasma epinephrine levels in the three groups of the present study were 
found comparable (ANOVA sig. p>0.05) (Table 4-40). 
Intra-operative Response: The present study recorded marked increase in the intra-
operative epinephrine concentration three to three-and-half times greater as compared 
to the preoperative level in all the three groups but the inter-group differences among 
the three groups were not found significant statistically both at half-an-hour incision 
and at end of surgery (ANOVA/ Bonferroni test p>0.05; Tables 4-40 and 4-41). This 
suggests that open as well as laparoscopic procedures were equally stressful as long 
as they were being performed as is well illustrated also from the following figure 4-3 
reproduced. 
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Figure 4-3 (Reproduced): Comparative Graphs ofs-Epinephrine in LC, OC and OH 
groups 
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at least some degrees of pre-op stress in these patients possibly secondary to the 
procedure-related anxiety and apprehension. 
In OH group of the present study, the epinephrine response followed the exact pattern 
of the epinephrine response of open chole (OC) group during both the intra-operative 
and post-operative periods; there was 2-fold increase at half an hour after incision and 
3.5-fold increase at end of surgery and then slight decrease on 1^ post-op day with 
~2.5-fold increase with respect to the pre-op value (Tables 4-35, 4-36 and Figure 4-3 
reproduced). 
On 4"' postoperative day in the OH group, the epinephrine concentration decreased 
markedly and was recorded 19 % lower than the preoperative value and the difference 
was found significant statistically (p>0.05). However, this does simply indicate that 
the patients were already under significant degree of stress even before induction of 
anaesthesia and surgery due to marked procedure-related anxiety and apprehension, 
mainly in relation to the loss of uterus and its consequences as has been discussed 
already (Table 4-35). 
Hine and associates (1976) measured plasma and urinary catecholamine 
concentrations to explore the extent of adrenergic response following 
cardiopulmonary bypass, an extra major open surgery, and contrary to our findings, 
they observed that the catecholamines did not significantly increase above 
preanaesthetic values in patients undergoing cardiac surgery. 
In 2004, Syed and colleagues also did not find any significant increase in 
catecholamine and its urinary metabolite excretion following major elective open 
chest coronary revascularization surgery. They explained it on the basis of good 
perioperative anxiolysis and planned pain relief achieved by modem anaesthetic 
techniques adopted in their study. 
Significantly high epinephrine concentration in intraoperative period in open group in 
absence of pneumoperitoneum may be explained on the basis of technique of 
anaesthesia, as general anaesthesia alone may be insufficient to block all the neural 
impulses (Derbyshire and Smith, 1984) or // may be reflection of extensive prolonged 
visceral tissue dissection which may be true for the open hysterectomy taking longer 
duration of time in the present study but that does not holds good for the open 
cholecystectomy in the present series, which was straight forward easy and was 
carried out within a time frame similar to that of lap cholecystectomy, reflecting 
almost scone amount of visceral tissue dissection in the two biliary groups 
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Ortega et al (1996) reported that pneumoperitoneum-induced hypercarbia might 
stimulate carotid and aortic chemoreceptors and activation of hypothalamic-pituitary-
adrenal-axis, leading to hormonal metabolic reactions in the intraoperative period. 
However, Odeberg'et al (1998) had tried to evaluate the cause of rapid abatement of 
the accentuated intra-operative epinephrine response with degrees of desufflation 
during laparoscopic surgery so as to know whether pneumoperitoneum induces 
release of vasopressor or this is of reflex origin. Vasopressin, catecholamines, and 
plasma rennin activity were assessed as neurohumoral vasopressor markers of 
circulatory stress and they concluded that induction of pneumoperitoneum caused no 
apparent activation of vasopressor substances. That means release of these 
substances directly secondary to the tissue trauma as such. 
However, It is of interest to note that in the LC group of the present study, the 
epinephrine concentration on 4* postoperative day was recorded 17 % lower than the 
preoperative value though the difference was not found significant statistically 
(p>0.05) (Table 4-31 and 4-32). However, this does simply indicate that the patients 
were already under significant degree of stress even before induction of anaesthesia 
and surgery due to marked pre-operative anxiety and apprehension, mainly in relation 
to newer technology as has already been discussed in detail under the head of Cortisol. 
However, it appears prudent to again highlight the two important i\im%s-first, need of 
thorough counselling for anxiolysis and second, need of sampling at the time ofPAC 
(Pre-Anaesthetic Check up) for baseline values or at least at the time of admission a 
day before operation. Sampling at time of admission to the hospital may again be a 
cause for concern with respect to the fast evolving Day Case Surgery or Fast Track 
Surgery. 
5.4.1.2.2. Epinephrine Responses during Open Surgery -OC & OH Groups 
In the OC group, accentuated intra-operative epinephrine response with peaking at the 
end of surgery (~2.5 fold increase at half an hour after incision and >3.5-fold increase 
at end of surgery) was recorded and then it decreased slightly but sill persisting 
significantly high (>2.5-fold) on the 1'^ post-op day (p<0.001), indicating marked 
systemic stress response not only in the intraoperative period but also in the post-
operative period until 1"^  post-op day (Tables 4-33, 4-34; Figure 4-3 reproduced). On 
the 4 post-op day in the OC group, the plasma epinephrine level decreased markedly 
and was found only 5 % lower than the pre-op value, suggesting again the presence of 
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Figure 5-5: Epinephrine Response in Laparoscopic Cholecystectomy 
Similar results with maximum epinephrine responses during intraoperative period in 
laparoscopic group and its marked decrease on the 1** post-op day have also been 
reported by a number of investigators (Ratge et al, 1990; Anand and Hickey, 1992; 
Glaser et al, 1995; Ortega et al, 1996). 
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Epinephrine causes hepatic glycogenolysis, gluconeogenesis, increase in lipolysis in 
adipose tissues, ketogenesis and increase in 'insulin resistance', i.e., decrease in 
peripheral glucose uptake by cells (Gann and Foster, 1994; Guyton and Hall, 
1998).The direct cardio-respiratory effect leads to the increases in heart rate, 
myocardial contractility, blood pressure and respiratory rate. Thus catecholamines 
play a crucial role in the mediation of cascade of systemic stress response 
(Desborough, 2000). 
The hypermetabolic state observed following severe injury is attributed to activation 
of the adrenergic system. Epinephrine, the neurohumoral and vasopressor marker of 
circulatory stress, is released into systemic circulation on hypothalamic activation of 
sympathetic autonomic nervous system from the adrenal medulla and the 
norepinephrine (NE) is released from presynaptic nerve terminals, with spill over 
into general circulation under stressfiil conditions (Cryer, 1976; Desborough,2000). 
Both norepinephrine (NE) and epinephrine (EPI) are increased three- to four folds in 
plasma immediately following injury, with peak concentration in 24 to 48 hours 
depending on the severity before returning towards the baseline value (Kehlet, 1998). 
The epinephrine response works as compensatory mechanism and provides maximum 
chances of survival because of the increased cardio-vascular ftinctions, fluid 
preservation and supply of the increased demands for energy generating substrates. 
Despite different hormonal kinetics, plasma concentration of NE and EPI 
concentrations increases generally in parallel fashion following injury. Metabolically, 
Cortisol potentiates the actions of epinephrine (and glucagon) for the hyperglycaemic 
response. 
5.4.1.2.1. Changes in Epinephrine during Laparoscopic Cholecystectomy 
In LC group of the present study, there was found slow intraoperative rise in 
epinephrine concentration with peaking at the end of surgery (~2-flod increase at half 
an hour and ~3-fold increase at the end of surgery) and then it decreased markedly on 
the 1" post-op day with only 1.3-fold increase though still different statistically from 
the pre-op value (<0.05) (Tables 4-31,4-32 and figure 5-5. 
That means, laparoscopic cholecystectomy was associated with marked intra-
operative systemic stress response and moreover, significant stress was continued in 
the post-operative period until T* post-op day (Figure 5-5). 
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In addition to the mechanical consequences of pneumoperitoneum in LC group, the 
influence of soluble carbon dioxide on the carotid and aortic chemoreceptors may 
enhance the sympathetic outflow mediated by afferent impulses to sub-cortical centres 
and these accelerated stress responses persisted in the intraoperative period only, 
reverting to normal level within 24 hours (Hendolin et al, 2000; Mendoza-Sagaon et 
al, 2000 and Aono et al, 1998). 
Apart from various well documented reasons, the involvement of pro-inflammatory 
autocrine cytokine, stimulation of hormones and elevation of reactive oxygen species 
(ROS) under conditions of stress has been well documented. It seems that the elevated 
levels observed in our study could be due to cellular activation by TNF-a under 
conditions of stress (Crozier et al, 1994; Demirer et al, 2000). 
Aono and co-worker (1998) have done a comparative analysis, regarding attenuation 
of stress response by three different techniques in CO2 laparoscopic surgery. They 
observed that the larger dose of fentanyl or even thoracic epidural anaesthesia was 
unable to block or inhibit the hypothalamic-pituitary-adrenal axis response 
completely. According to Rademaker et al (1994) peritoneal stretching is considered 
to be the important contributory factor for intraoperative accelerated hormonal 
responses in LC group; and advocated 20 ml of 0.25% bupivacaine to attenuate 
hormonal response to laparoscopic surgery. 
Kristiansson et al, 1999, on advanced biochemical study, has found similar hormonal 
responses with varied biochemical, pain and fatigue response, and supported the 
observations of Rademaker et al (1992), Joris et al (1992), McMahon et al (1993), 
Redmond et al (1994) and others who did not record any significant difference in 
Cortisol levels between lap and open cholecystectomy during the study period (Table 
5-9). 
5.4.1.2. Serum Epinephrine Response Following Surgery 
Catecholamine is the name of a group of aromatic amines norepinephrine 
(noradrenaline), epinephrine (adrenaline), dopamine, and their derivatives which act 
as hormones and neurotransmitters respectively during stress response to surgical 
injury. Epinephrine and norepinephrine are formed from dopamine. They act on the 
cardiac musculature and the metabolism (epinephrine) as well as on the peripheral 
circulation (norepinephrine) and help the body to cope with acute and chronic stress. 
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end of surgery to until 4* post-op day between LC and OH groups. The differences 
are well illustrated in the following Figure 5-5. 
Cortisol 
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Figure 4-2 (Reproduced): Comparative Graphs of s-Cortisol among LC, OC and OH 
(Hys) 
In between the two open surgery groups (OC and OH), significant differences in s-
cortisol persisted from the end of surgery to the 1*' post-op day only and then the s-
cortisol changes again became comparable on the 4* post-op day (p>0.05), indicating 
that systemic stress metabolic responses between the two open surgery groups were 
different during the late mtra-operative period and 1^ post-op day. This is, in all 
probability, a reflection of much more visceral tissue dissect in OH group invoking 
higher stress response. 
Hence marked mcrease in plasma Cortisol concentration was noted m all the three 
groups during surgery. Interestingly, the variable surgical trauma response due to 
differential elevation of plasma Cortisol in open surgery was also reported by Ortega 
et al (1996). Marked elevation of plasma Cortisol in both the groups was the reflection 
of ii^ volved additional stress to the patients with surgical trauma wWch subsided in 
due course of time in laparoscopic group but contmued in open cholecystectomy 
group. However, in open cholecystectomy, continued additional stress secondary to 
pain and pain-related dysfunction could be the reason for the raised plasma cortis^^ in 
postoperative period. 
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Table 5-9: Comparative Cortisol Responses (Adapted & modified from Kehlet, 
1999) 
Author 
Joris (1992) 
Mealy (1992) 
Rademaker 
(1992) 
McMahon (1993) 
Berggren (1994) 
Jakeways (1994) 
Harmon (1994) 
Redmond (1994)' 
Deuss(1994) 
Glaser (1995) 
Glerup (1995)^ 
Ortega (1996) 
Targarona (1996) 
Bellon (1997) 
Hendolin (2000) 
Operation 
Lap vs. Open Chole 
Lap vs. Open Chole 
Lap vs. Open Chole 
Lap vs. Mini-Open 
Chole 
Lap vs. Mini-Open 
Chole 
Lap vs. Open Chole 
Lap vs. Open Colectomy 
Lap vs. Open Chole 
Lap vs. Open Chole 
Lap vs. Open Chole 
Open vs. Lap Chole 
Lap vs. Open Chole 
Lap vs. Open Chole 
Lap vs. Open Chole 
Lap vs. Open Chole 
Study 
Hours 
48 
24 
6 
7 days 
24 (Urine) 
1 - 2 (Serum) 
12 
5 
3 days 
48 
48 
24 
24 
80 
7 days 
1 day 
Parameter 
p-cortisol 
u-cortisol 
p-cortisol 
p-cortisol 
u-cortisol 
p-cortisol 
p-cortisol 
p-cortisol 
p-cortisol 
p-cortisol 
p-cortisol 
p-cortisol 
p-cortisol 
p-cortisol 
p-cortisol 
p-cortisol 
Comments 
^. 
-> 
-> 
-> 
-> 
-» 
-> 
-> 
-> 
-> 
4^  
-» 
-> 
-> 
-> 
>•: No difference between Lap vs. Open Chole; j : Reduced response in Lap vs. Open 
surgery; ]: Increased response in Lap vs. Open surgery. 
Reasons for discrepancy in the resuhs of various reports may include small size study, 
learning curve phenomenon (surgeon's experience is not specified in the study), poor 
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selection of patients for lap chole, different timings & number of sampling and 
methods used for measurement of the bio-marker concerned. 
5.4.1.1.5. Comparative Cortisol responses between LC & OH groups 
On comparison of changes in serum Cortisol concentration following biliary and non-
biliary surgery (LC vs. OH), there was found significantly higher values (p<0.001) 
following hysterectomy operation during intra-operative as well as postoperative 
period (Table 4-27 and 4-30). 
Our finding confirms that the more extensive visceral tissue dissection in 
hysterectomy produces higher and longer lasting surgical stress in comparison to the 
laparoscopic cholecystectomy. 
5.4.1.1.6. Competrative Cortisol responses between the OC & OH groups 
In both open groups (open cholecystectomy & Open Hysterectomy), Cortisol 
concentration significantly increased during the intra-operative period and peaked at 
the end of open surgery with an approximately 229 % & 282% enhancement 
respectively (p<0.001& p<0.001 respectively). And the high Cortisol concentration 
did not return to the preoperative level even on 4th postoperative day in both the 
groups (p<0.001). This suggests similar stress in patients in both the conventional 
groups in terms of serum Cortisol changes (Table 4-28). 
5.4.1.1.7. Comparison of Serum Cortisol levels among LC, OC and OH 
Type 2 error was detected at the pre-op level as well as at the half-an-hour after 
incision point time when independent sample t-test and ANOVA/ Bonferroni test 
were applied for the comparison of serum Cortisol changes between LC and OH 
groups (Tables 4-29 and 4-30). 
With Type-2 error in mind, serum Cortisol changes between LC, OC and OH groups 
were comparable at pre-op level as well as at the half-an-hour after incision point time 
(p >0.05). 
However, fiirther changes were found a little variable ft^om each other. 
Serum Cortisol changes between LC and OC groups were still comparable at the end 
of surgery (p>0.05) and only then became statistically significant on the l"* and 4* 
post-op days (p<0.001). On the other hand, significant differences persisted from the 
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background and many of them often insisted for the open technique simply because of 
the apprehension how the keyholes of the laparoscopy can accomplish the full job of 
the open surgery. 
Secondly, sampling immediately prior to induction of anaesthesia and surgery is not 
really representative of the patient's basal concentration of the bio-marker, and this 
fact is often not taken into consideration while interpreting the observed data in 
majority of the studies. We now strongly feel that sampling for the basal 
concentration should be performed at the time of planning and fixing for the date of 
the operation or at least first sample should be taken at the time of admission a day 
before operation as has been rightly done by some investigators like Chambrier and 
colleagues (1996), Ortega and associates (1996) and Crema and associates (2005). 
Admission to the hospital a day before operation is a routine practice in our hospital 
and it is pity that base-line sampling at admission was not carried out in the present 
study, mainly because of the financial constraints and dependency on the other 
(surgical) team. Multidisciplinary approach with mutual co-operation as propagated 
by Henrik Kehlet (1997) may solve many of these simple problems for better 
understanding and outcome. 
5.4.1.1.2. Cortisol responses during Open Cholecystectomy 
In open cholecystectomy group, increased serum Cortisol concentration during the 
intra-operative period also peaked at the end of open surgery with an approximately 
229 % enhancement (p<0.001). However, high Cortisol concentration did not return to 
the preoperative level even on the 4* postoperative day (p<0.001) (Table 4-22 & 4-
23) as compared to the LC group. These changes are well illustrated in the following 
Figure 5-2. 
Our results of open chole are in general consonance with the observations of majority 
of the earlier studies including that of Glerup et al (1995) who recorded 75 % increase 
in fasting Cortisol concentration on 1^ postoperative day after open chole (p<0.05), 
indicating that the surgical stress after open chole was continued in the postop period 
as was also seen in the present study 
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Figure 5-2: Comparative s-Cortisol responses in LC & OC groiq>s 
5.4.1.13. Cortisol responses in Open Abdominal Hysterectomy 
Similar to the open cholecystectomy group, in Open Hysterectomy group, Cortisol 
concentration significantly increased during the intra-operative period and peaked at 
the end of open surgery with an approximately 282% enhancement respectively 
(p<0.001). The high Cortisol concentration did not return to the preoperative level 
even on 4* postoperative day (p<0.001) in this open group also (Table 4-24 & 4-25) 
and this finding is in sharp contrast to the postop Cortisol pattern observed after 
laparoscopic cholecystectomy in the present study. 
Moore an colleagues (1994) studied Cortisol response in patients undergoing open 
abdominal hysterectomy and found that Cortisol increased significantly under GA at 1 
hour of surgery and continued to rise until 4 hours and then started to decline, 
reaching to the baseline value at 48 hours. However, after addition of epidural block 
to the GA, Cortisol level did not change until 4 hours after surgery, persisted almost 
same until 12 hours and then started to decline, normalizing at 48 hours. 
This observation of Moore et al (1994) is a little at variance with ours. In the present 
study, increase in Cortisol was recorded even after half-an-hour with peaking at the 
end of surgery and significantly high level persisting in the late post period, not 
reaching to the preop level even on the 4th post-op day. 
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5.4.1.1.4. Comparative Cortisol responses between the LC& OC groups 
The marked increase in plasma Cortisol concentration was noted in both the groups 
during surgery. However, the Cortisol response was less marked in laparoscopic group 
as compared to conventional groups (p <0.05). Our study is in agreement with the 
observations of Glaser et al (1995) and Haq et al (2004). Both the groups suffered 
from similar degrees of stress (p>0.05) during the intra-operative period (at half an 
hour and at the end of surgery). 
However, differential stress responses were recorded in the postoperative period in the 
present study. At postoperative dayl and day 4, the surgical trauma was significantly 
different (p<0.001), as the stress involved to the patient was persistent but subdued in 
conventional group; however, it returned towards normal in laparoscopic group 
(Table 4-25 and 4-26). As suggested by Redmond et al (1994), it is clear that the 
difference in wound size (2cms in lap chole and 6-9 cms in open chole) cannot 
explain these results, and they relate, as pointed out by Grace et al (1991), to similar 
neuroendocrine responses in both the groups though through different causal 
mechanisms - pneumoperitoneum-induced neural stimulation in LC group being 
balanced by larger wound-induced neural stimulation in the OC group, thereby 
leading to equivalent stress responses in the two groups at least in the intra-operative 
period. 
As lately as 2003, Luo and colleagues reported statistically significant rise of plasma 
Cortisol (p<0.05) on 1^  and 3'^ '* postoperative days as compared to the fasting 
preoperative value after open chole as well as lap chole, with inter-group difference 
being significant only on the 1^ postop day (p<0.05). Critical analysis of this study 
reveals that in LC group, Cortisol concentration further increased after r' postop day 
and peaked on the 3'''^ postop day while in the OC group, Cortisol concentration 
peaked on the l" postop day and decreased on the 3'''^ postop day, although inter-
group difference on the 3""^ day was found statistically insignificant (p<0.05) as is 
evident from the following Table: 5-8. 
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Table 5-8: Cortisol Data before and after surgery Reported by Luo et al (2003) 
Cortisol 
LC 
OC 
Prior to surgery 
0.46±0.01 
0.71±0.15 
1st postop day 
o.seio.ii"" 
1.12±0.25'' 
3rd postop day 
0.74±0.05'' 
0.89*0.02" 
^<0.05 vs. OC, ''P<0.05 vs. the preoperative period 
Karayiannakis et al (2005) observed that Plasma levels of Cortisol increased during 
and after both laparoscopic and open cholecystectomy; however, the postoperative 
response were significantly higher (P<0.05) after open cholecystectomy. This is in 
accordance to our own observation. 
In 2005, Crema and associates observed statistically higher Cortisol response in 
iirmiediate postoperative period (2-12 hours after surgical incision) after lap chole as 
compared to the open chole and this decreased to near preoperative value at 24 hours; 
in OC group, Cortisol level was significantly higher at 24 & 48 hours as compared to 
the LC group. This is well illustrated in the following figure 5-3 reported by them. 
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Figure 5-3: p-Cortisol levels after lap & open chole reported by Crema et al (2005). 
[Al- admission; AA= preop; A2 - A48= 2,6,12,24 & 48 hours after the surgical 
incision.] 
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Cortisol - LC vs. OC 
Preop Half an hr Endofsurg Istpostop Athpostop 
Figure 5-4: Cortisol in the Present Study 
However it is to be noted that a number of investigators recorded no significant 
disturbance in the Cortisol response between open and laparoscopic cholecystectomy, 
suggesting that chole was equally stressful as the open chole (Table 5-9). 
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vigilant care and management, and therefore, the term 'minimal invasive surgery' has 
been rightly changed to 'minimal access surgery' in recent years. 
Glemp et al (1995) recorded insignificant down regulation of the fasting Cortisol level 
on 1^ postoperative day after lap chole (p>0.05) but his study is limited by lack of 
Cortisol measurement during intra-operative period. 
Critical analysis of the rather recent report by Luo et al (2003) reveals that in LC 
group, Cortisol concentration further increased after 1^ postop day and peaked on the 
3'^ '' postop day. This finding is in sharp contrast to majority of the relevant studies and 
the authors could not fiiUy explain their observations. 
Therefore, we find that even in the current era of universal acceptance of lap chole for 
uncomplicated cholelithiasis with vastly improved clinical outcome parameters and 
patient satisfaction, still prospective randomized studies appear in the literature with 
variable and often conflicting results of the lap chole-induced stress responses. 
With regard to the aetiological mechanism, Rademaker and colleagues (1994) after a 
randomized controlled study documented that the peritoneal stretching during 
laparoscopy is the important contributory factor for accentuated metabolic hormonal 
response. The classical stress response of Cortisol (and Catecholamines & glucose) to 
abdominal surgery such as cholecystectomy is not greatly changed by reducing the 
surgical trauma, and this suggests that stimuli for the stress response arise from 
visceral and peritoneal afferent nerve fibres in addition to those from the abdominal 
wall as also emphasized later by Desborough (2000) and Adhikary & Korula (2004). 
However, It is of interest to note that the Cortisol concentration on 4* postoperative 
day was recorded significantly less than the preoperative value (p<0.001) in the LC 
group. This simply indicates that the pre-operative values of Cortisol recorded in the 
present study did not represent the patients' basal levels and that the patients were 
already under significant degree of stress even before induction of anaesthesia and 
surgery due to marked anxiety and apprehension, and hence sampling immediately 
prior to surgery is not the true representative of the patient's base line value. This 
highlights two important things. 
Firstly, all patients need liberal talking and thorough counselling to down regulate the 
pre-operative anxiety and apprehension related to newer technology & procedure, 
especially in developing countries and a good anxiolytic drug in the night before 
surgery. Majority of patients treated at our institution, which formed the body of the 
present study, belonged to the lower socio-economic class with poor educational 
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However, results of the Cortisol response in open vs. laparoscopic surgery have not 
been consistently uniform, emphasizing the need of more randomized controlled 
clinical studies and trials. Hence, the present study was undertaken to evalviate and 
quantify the Cortisol response following laparoscopic and open surgery in a subset of 
Indian population presenting to our secondary care teaching institution accepting 
direct and referral patients, critical analysis of the data elucidate the following 
discussion. 
5.4.LLL Cortisol responses during Laparoscopic Cholecystectomy 
In the LC group, serum Cortisol level increased significantly at half-an-hour after start 
of surgery (p<0.001) and peaked at the end of surgery with approximately 167 % 
enhancement (p<0.001). The Cortisol level decreased to near preoperative value on the 
very 1"' postoperative day (p>0.05) (Table 4-20 & 4- 21) (Figure 5-1). 
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Figure 5-1: Graphic Cortisol Response in LC Group 
This short-lived accelerated Cortisol response during the intra-operative period of lap 
chole rapidly reverting to the pre-operative level on the very 1'^  post-op day is in full 
agreement with the observations of other investigators (Joris et al, 1992; Mealy et al, 
1992; Redmond et al, 1994, Ortega et al, 1996; Aono et al, 1998; Hendolin et al, 
2000; Mendoza-Sagaon et al, 2000; Crema et al, 2005), thereby indicating that even 
straightforward easy lap chole is also a stressful procedure warranting respect for 
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to the advanced laparoscopic surgery which is being increasingly applied for complex 
operations with extensive surgical dissections that can last for hours. 
5.4. HORMONAL RESPONSES FOLLOWING SURGERY 
i. Serum Cortisol Response 
ii. Serum Epinephrine Response 
iii. Serum Norepinephrine Response 
5.4.1.1. Serum Cortisol Response 
The stress response leads to secretion of many anabolic and catabolic hormones, with 
the acceleration of most of the biochemical reactions, Cortisol and catecholamines 
being the main hormones involved (Kehlet, 1998). 
Cortisol is rapidly released from adrenal cortex after start of surgery as a result of 
stimulation of (ACTH) by activation of hypothalamic-pituitary-adrenal axis 
(Adhikary and korula, 2004). The metabolic effects of Cortisol are directed to 
overcome the stressfiil state (Singh, 2003). Under normal physiological conditions, 
plasma concentration of Cortisol correlates with that of adreno-corticotrophic hormone 
(ACTH) and a fine negative feedback mechanism operates so that increased 
concentration of circulating Cortisol inhibits further secretion of ACTH; however, this 
control mechanism appears to be impaired after surgery so that concentrations of both 
hormones become high in the intra-operative as well as post-operative period 
(Desborough, 2000). 
Serum Cortisol is a neurohumoral mediator and has been established as bio-marker of 
acute phase response of trauma. It has been extensively studied to evaluate the 
surgery-induced stress quantification in elective settings (Table 2-8) (Birch et al, 
1987; Joris et al, 1992; Mealy et al 1992; Rademaker et al, 1992; McMahon et al, 
1993; Berggren et al, 1994; Jakeways et al, 1994; Harmon et al, 1994; Redmond et al, 
1994; Deuss et al, 1994;Glaser et al, 1995; Glerup et al, 1995; Senagore et al 1995; 
Essen et al, 1995; Schauer et al, 1995; Ortega et al, 1996; Hammarqvist et al, 1996; 
Thorell et al, 1996; Tagarona et al, 1996; Fukushima et al, 1996; Bellon et al, 1997; 
Aono et al, 1998; Hendolin et al, 2000; and Mendoza-Sagaon et al, 2000; MigneauU 
et al, 2004). 
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in open cholecystectomy than in laparoscopic surgery, this may be the reason why the 
intergroup difference is significant on the 4*'' postoperative day between the both the 
groups. However, the smaller incisions of laparoscopic surgery should not always be 
guaranteed to be pain-free as these are often found significantly painfiil and tender 
constantly troubling some of the patients seen in the routine clinical practice. 
Increased oxygen consumption after surgery may be another explanation for extended 
metabolic responses following open surgery (Chumillas et al, 1998; Hendolin et al, 
2000; Larsen et al, 2002) in open surgery. This is in accordance with our own 
observation of increased myocardial oxygen consumption as> 20% increase in rate-
pressure product (RPP) during open cholecystectomy ami 14 Yo following open 
abdominal hysterectomy recorded in the present study. 
Luo et al (2003) observed that in spite of increased oxygen consumption and 
requirement following open surgery, the arterial oxygen tension (Pa02) is reduced 
due to significant hypoventilation which deteriorated significantly from baseline value 
on postoperative day 1 and not restored to preoperative value even on the 
postoperative day 3 in OC patients. 
Thus, individual variations imply a combination of complex interactions of muUiple 
factors for the accentuated glycaemic response and different combinations of known 
and unknown factors may be responsible for the variable systemic stress responses 
following open and laparoscopic surgery or upper and lower abdominal surgery. 
In nutshell, the chain of events as observed in our study regarding the metabolic 
changes, hyperglycaemia with possible poor substrate mobilization, leading to 
negative nitrogen balance continued for longer post-operative period in moderate/ 
intermediate type of procedures like cholecystectomy and hysterectomy if performed 
by conventional method. However, extended stress responses with hyper metabolic 
state and disturbed hormonal milieu is the cause of so-called 'loss of stamina' 
(Fischer, 1995) or 'body drain' which is the usual finding after conventional 
hysterectomy or cholecystectomy for quite some time. This post-surgical 
phenomenon, often seen in the chnical practice, needs modulation by therapeutic 
technical variations or intervention for better clinical outcome, and to perform 
modulation demands better understanding of the molecular basis of the surgical stress, 
warranting more refined future research through large-sized controlled randomized 
clinical as well as experimental trials with greater number of groups, bio-markers and 
endpoints of measurements. Such a research is highly desirable especially in relation 
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Tsuji and colleagues (1983) found that the difference in the inhibitory effect of the 
epidural blockade on the metabolic (and endocrine) response in upper and lower 
abdominal surgery (open) was not attributable solely to the vagus nerve that remained 
uninterrupted, and operative stimulus to the splanchnic nerve was postulated to be 
greater in upper than in lower abdominal surgery and this was verified in a later 
controlled randomized study same year by the same workers (Tsuji et al, 1983 b). 
Haleem et al (1991) supported this mechanism of the operative stimulus to the 
splanchnic nerves for the open cholecystectomy though they elucidated only 
haemodynamic effects in relation to 'cholecysto-cardiac link' in their study. 
Furthermore, individual variations imply a combination of complex interactions of 
multiple factors and demand fiirther evaluation through controlled randomized 
clinical trials for better understanding of pathophysiology of surgical stress, especially 
in relation to the laparoscopic surgery which is being increasingly applied for 
advanced and complex operations with extensive surgical dissections that can last for 
hours. 
Moreover, exploratory laparoscopy is also being used to aid surgeons in the diagnosis 
and treatment of patients in whom cause of an abdominal problem is unclear (Navez 
et al, 1998). 
Finally diagnostic laparoscopy is even being used at the bedside to evaluate critically 
ill patients with physiologic deterioration of suspected intra-abdominal origin (Iberti 
et al, 1998; Rehm, 2000; Kelly et al, 2000). 
Mechanism presumed to underlie the extended metabolic responses in open surgery, 
on the other hand, might be the resuks of pulmonary dysfunction (Chumillas et al, 
1998; Ali and Gana, 1998; and Larsen et al, 2002) due to greater amount of pain 
arising from larger access site for surgery (bigger wound size). Earher studies have 
demonstrated the impaired lung functions on 1st postoperative day. They have found 
reduction in FVC and FEVl up to 40-70 % in surgeries performed by conventional 
method as compared to 20-40 % in patients operated by laparoscopic technique (Ali 
and Gana, 1998 and Chumillas et al, 1998). The possible explanations for this is that 
postoperative wound pain often causes hypoventilation (shallow respiration), which 
may lead to small bronchiole closure, alveolar collapse and thus shunting of 
pulmonary serum, and hence the hypoxemia. 
In brief^  it may be said that the influence of wound pain on respiration cannot be 
ignored as it has more pronounced and log-lasting impact on patients' convalescence 
316 
DISCUSSIONS 
which is known to facilitate glucose production by three ways: 1) increasing hepatic 
gluconeogenesis, 2) increasing glycogenolysis, and 3) decreasing peripheral 
utilization of glucose; and therefore, enhanced glycemic response is seen following 
surgery. This is supported by the finding of accentuated Cortisol and catecholamine 
secretions recorded in the present study. 
In 1999, Henrik Kehlet reviewed critically the surgical stress response following 
endoscopic (Laparoscopic) and open surgery and also provided beautiful exhaustive 
comparative tables of biomarkers and pulmonary fiinction studied by many different 
investigators, and one such table with necessary modifications is inserted here on the 
next page for ready reference and better understanding (Table 5-7). 
Thus, we find differing and even conflicting reports in the literature which suggest 
that the glycaemic response following open as well as laparoscopic surgery is a 
complex process involving multifactorial causations and need diligence while 
interpreting the observed data. 
Table 5-7: Comparative Glucose Responses modified from Kehlet (1999) 
Author 
Joris (1992) 
Rademaker (1992) 
Jakeways (1994) 
Bei^ren (1994) 
Glaser (1995) 
Ortega (1996) 
Targarona (1996) 
Hendolin (2000) 
PRESENT 
STUDY 
Operation 
Lap vs. Open Chole 
Lap vs. Open Chole 
Lap vs. Open Chole 
Lap vs. Mini-Open Chole 
Lap vs. Open Chole 
Lap vs. Open Chole 
Lap vs. Open Chole 
Lap vs. Open Chole 
Lap vs. Open Chole 
Study 
Hours 
48 
6 
12 
1-2 
48 
24 
80 
24 
5 days 
Parameter 
p-Glucose 
p-Glucose 
p-GIucose 
p-Glucose 
p-Glucose 
p-Glucose 
p-Glucose 
p-Glucose 
s-Glucose: 
Intra-op: 
Post-op: 
Comments 
>!. 
-» 
4^ 
-> 
^^  
-> 
-> 
4. 
-> 
4r 
315 
DISCUSSIONS 
after incision (intra-operative period) was markedly increased as compared to the 
groups I & II (p<0.05) and then decreased a little but persisted high at 120 and 240 
minutes (that is, postoperative period) when statistical difference from the groups I & 
II disappeared (p>0.05). The authors themselves were by and large unable to explain 
the unexpected higher glucose levels in the GA ± Epidural group. They concluded that 
metabolic (and endocrine) response to surgery is neither abolished after laparoscopic 
cholecystectomy under general anaesthesia nor attenuated by addition of epidural 
block. 
Kehlet (1982) also could not demonstrate any effect of epidural analgesia on the 
metabolic endocrine response after major upper abdominal procedures (open). 
In 1983, Tsuji and associates documented high rise of serum glucose during upper 
abdominal surgery (open) with peaking after V2 hour of surgery and normalization on 
the 1"* postop day; furthermore these investigators reported marked attenuation of the 
stress response by epidural &/or intraoperative splanchnic block. 
Kouraklis and associates (2000) advocated the combined General and Regional 
(Epidural) anaesthesia to minimize glycaemic response to surgery. 
As early as 1977, Engquist and colleagues had reported an almost complete 
abolishment of hyperglycaemic (and adrenocortical) response to pelvic surgery with 
epidural analgesia extending to the level of T4. 
Moore et al (1994) observed in patients undergoing open abdominal hysterectomy 
that serum glucose concentration increased significantly under general anaesthesia 
(GA) after 1 hour of start of surgery and remained high until 6 hours (p<0.05) while 
the level did not change throughout the intra-op and post-op period under GA 
combined with epidural block (EDB) given at L2/3 or L3/4 intervertebral level. 
These observations mean that the open hysterectomy is as stressftil in terms of 
glucose response as the open cholecystectomy (P>0.050) as was also confirmed by 
the present study, and the glucose response is partially/ totally abolished in OH group 
by addition of epidural block. We wish again that our study by design could also have 
included the group of patients operated upon under epidural block alone or in 
combination with general anaesthesia to facilitate this aspect as the epidural block is 
very commonly performed at our institution. 
These observations fiirther suggest that direct nervous system stimulation secondary 
to intra-abdominal visceral traction and stretching during open surgery appears to be 
an obvious plausible cause for enhanced secretion of Cortisol and catecholamines 
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response in laparoscopic surgery. This may be a plausible cause for the accelerated 
glycemic response seen in LC group of the present study. However, the same 
investigators in one study found that thoracic epidural block along with continuous 
epidural bupivacaine infusion was unable to block the hyperglycaemic (and Cortisol) 
response to surgery completely (Rademaker et al 1991), and yet in another study, they 
advocated intraperitoneal administration of 0.5% bupivacaine 20 ml to minimize the 
stress response in laparoscopic surgery (Rademaker et al, 1994b). 
However, a number of other factors have been implicated for these differential 
observations in the two groups by different investigators. Ortega and associates 
(1996) attributed this accelerated glycaemic response only in the intraoperative period 
to the hypercarbia induced by the CO2 pneumoperitoneum that influenced the aortic 
and carotid chemoreceptors, thereby enhancing the sympathetic outflow mediated by 
afferent impulses to subcortical centres, and this was later on fiilly endorsed by 
Hendolin et al (2000). However, differential metabolism of catecholamines during 
laparoscopic and open cholecystectomy was not ruled out by Ortega et al (1996). 
Later on, Luo et al (2003) verified that the disturbance of acid base balance due to 
hypercarbia secondary to CO2 pneumoperitoneum may really be the important cause 
for such a glycemic response. 
The pneumoperitoneum-induced hypercarbia was not allowed to develop in the 
present study and we maintained the end tidal carbon dioxide level between 32-
35mmHg throughout the procedure, and hence hypercarbia cannot be regarded as a 
possible cause for the enhanced glucose response in our study. 
Kovivusalo et al (1998) emphasized the role of disturbance of pulmonary perfusion 
and hypoxaemia accompanied with insufflation of carbon dioxide & splinting of the 
diaphragm during laparoscopic surgery for the heightened metabolic response and this 
was later supported by Coskun et al (2000). 
In 1992, Rademaker and associates found small insignificant increases in serum 
glucose in both OC (Group I) and LC (Group II) groups at 30 and 60 minutes after 
incision (intra-operative period) and statistically significant increase at 120 and 240 
minutes after incision (in reality at V2 to 2 V2 hour after surgery as mean durations of 
surgery in LC and OC groups were reported 90.5±27.0 minutes and 78±29.3 minutes 
respectively), and intergroup difference was statistically not significant. It is 
interesting to note that in their third group of laparoscopic cholecystectomy operated 
under GA combined with Epidural Analgesia, serum glucose at 30 and 60. minutes 
313 
DISCUSSIONS 
of surgery though still higher in magnitude in the LC group, indicating higher intra-
operative glucose response during lap chole. 
However, persistently high post-operative serum glucose until 4 '^ day following open 
surgery as compared to the complete normalization of post-operative serum glucose 
after lap chole indicates longer lasting hyperglycaemic response following open 
surgery in the present study (Table 5-6). Such a differential elevation of plasma 
glucose during Laparoscopic and Open Cholecystectomy was also reported by Ortega 
et al (1996). 
Table 5-6: 
Glucose 
Sample 
Time 
Pre-Op. 
Vihr 
after 
Incision 
End of 
Surgery 
l'*Day 
Post-Op. 
4* Day 
Post-Op. 
Comparative Analy 
LC 
Means 
(mg/dL) 
96.71 
154.86 
156.29 
98.57 
97.62 
P-
value 
-
<0.001 
<0.001 
0.448 
0.623 
sis of s-Glucose in the Three Groups 
OC 
Means 
(mg/dL) 
96.71 
154.86 
156.29 
98.57 
97.62 
P-
value 
-
<0.001 
<0.001 
<0.001 
<0.001 
OH 
Means 
(mg/dL) 
96.429 
138.142 
149.714 
121.952 
108.143 
P-
value 
-
<0.001 
<0.001 
<0.001 
<0.001 
ANOVA 
sig. 
0.995 
<0.001 
0.080 
<0.001 
<0.001 
Hendolin et al (2000) too had noted equal stress response in both groups at the end of 
surgery. Kristiansson et al (1999) on advanced biochemical study had found similar 
responses which varied with pain and fatigue. 
However, Joris et al (1992), Mealy et al (1992) and Glaser et al (1995) had observed 
significantly more increase in serum glucose level during intra-operative period in 
open cholecystectomy as compared to laparoscopic cholecystectomy, which was 
minimized on the 2nd Postoperative day (Glaser et al, 1995). 
Rapid accelerated metabolic response during intra-operative period in laparoscopic 
surgery points towards additional strain of pneumoperitoneum which was over at the 
end of surgery with early normalization of glycemic response on the very 1^ postop 
day. In 1994, Rademaker and colleagues emphasized that peritoneal stretching due to 
pneumoperitoneum was the important contributory factor for accelerated metabolic 
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In the light of the biochemical analysis done, some major aspects were analyzed and 
are provided herewith. 
In the present study, the preoperative values in serum glucose in the laparoscopic 
cholecystectomy, open cholecystectomy & open hysterectomy groups were verified 
and found comparable (ANOVA sig. = 0.995) (Table 4-18). 
Rapid increase and persistent high plateau of serum glucose during the intraoperative 
period in the LC group and early normalization on the very 1** postop day has been 
recorded in the present study and similar findings were also observed by Rademaker 
et al (1991) and Aono et al (1998) (Figure 4-1). 
On the other hand, both the open groups (OC & OH) in the present study recorded 
significant intraoperative increase and sort of high plateau effect of serum glucose 
during the intraoperative period though lesser in magnitude than in the LC group, and 
there was gradual late post-operative decline until 4th postop day even when the level 
did not return to the preop level (p<0.001). The intergroup difference between OC and 
OH was found insignificant, indicating equal metabolic stress response in the two 
open groups (Table 4-17 and 5-6). 
Glucose 
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Figure 4-1 (Reproduced): Showing comparative graphs of glycaemic response in three 
groups 
The Intra-operative intergroup difference between laparoscopic and open surgery 
groups was found significant at half an hour after incision and msignificant at the end 
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5.3. METABOLIC RESPONSE - SERUM GLUCOSE 
Semm glucose is an acknowledged marker of surgery-induced metabolic stress. 
Cortisol and catecholamine facilitate glucose production by increased hepatic 
glycogenolysis and gluconeogenesis, hence serum glucose production and level is 
increased during surgery (Desborough, 2000) and it may increase as much as 6-10 
folds during the surgical stress (Bonica, 1968). Although glucose production is 
enhanced during surgery, the peripheral utilization is also decreased to varying extent 
due to fiinctional deficit of insulin caused partly by alpha-adrenergic inhibition of 
beta-cell secretion and failure of the usual cellular response to insulin, the so-called 
'insulin resistance' which occurs in the perioperative period (Desborough, 2000). 
While several differences have been described between the physiologic responses 
(Mealy et al, 1992; Talamini et al, 1997), metabolic responses (Mealy et al, 1992; 
Jakeways et al, 1994; Glaser et al, 1995; Vittimberga et al, 1998) and immune 
responses (Kloosterman et al, 1994; Redmond et al, 1994; Trokel et al, 1994; Collet et 
al, 1995; Mendoza-Sagaon et al, 1998 and 2000; Gitzelmann et al, 2000) to the 
conventional and laparoscopic procedures, the molecular basis of the improved results 
observed following laparoscopic surgery is still largely unknown (Hanly et al, 2003). 
These differing observations suggest that the glycaemic response is a complex process 
involving multifactorial causations. 
Desborough (1999) emphasized that serum glucose concentration rises proportionate 
to the intensity and degree of surgical injury and changes in semm glucose usually 
follow the changes in catecholamine in normal circumstances; however, glucose 
homeostasis is often fouttd ineffective during perioperative period. 
With the popularization of laparoscopic cholecystectomy in the last decade of the 
previous century, an early accentuated intraoperative hyperglycaemic response to the 
laparoscopic surgery was recorded by various investigators. However, 
pathophysiological investigations in controlled randomized manner could not keep 
pace with the explosive popularity and public acceptance of the laparoscopic 
cholecystectomy, mainly due to the fast receding control of conventional open 
cholecystectomy. However, the present study did include a fully comparable control 
group of open cholecystectomy patients who were technically fit for laparoscopic 
cholecystectomy. 
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terms of the systemic stress response following hysterectomy although gynaecologists 
have been the forefathers of diagnostic and therapeutic laparoscopy. 
5.2.6. Anaesthetic Time 
Present study recorded the duration of anaesthesia (Mean±SEM) of 83±3, 85.6±3.5 
and 125±1.7 minutes in LC, OC and OH groups respectively (Table 4-6). 
The duration of anaesthesia was statistically comparable between LC and OC groups 
(p>0.05) but it differed significantly in LC vs. OH groups and OC vs. OH groups 
(p<0.001) (Table 4-6). 
For better understanding and appreciation of the anaesthetic management, a few 
reported studies are compared in the following Table 5-4. 
Table 5-4: Comparative Anaesthetic Times for Lap & Open Cholecystectomy 
Authors 
Klingstedt (1987): Group I 
Group II 
Giesecke (1988): Group I 
Group II 
Westerband et al (1992) 
Glaser et ai (1995) 
Kristiansson et ai (1999) 
Helmy et ai (1999) Egypt 
PRESENT STUDY 
Anaesthetic Time (Minutes) 
(Mean+SEM) 
LC 
-
-
95±42 
(49-188) 
87±3 
117 
(94 - 147) 
136±sd 37 
83±3 
OC 
100±16 
128±18 
104±19 
87±10 
-
93±8 
105 
(88-245) 
112±sd39 
85.6±3.5 
p-vaiue 
-
-
-
>0.05 
>0.05 
>0.05 
>0.05 
5.2.7. Anaesthetic Technique 
Similar standardized anaesthetic technique was utilized in each of the three groups of 
patients studied and hence is most unlikely to influence the comparative results of the 
systemic stress responses recorded in the present study. 
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5.2.8. Post-operative Hospital Stay (Days) 
Present study documented the post-operative (post-op) hospital stay (Mean±SEM) of 
3.5±0.3, 6.6±0.4 and 8.0±0.3 days in the LC, OC and OH groups respectively (Table 
5-5). 
The post-operative hospital stay ranged from 1- 6, 4 - 10 and 5 - 1 0 days in the LC, 
OC and OH groups respectively. 
Table 5-5: Comparative Post-operative Hospital Stay in Different Studies 
Authors 
Kristiansson et al 
(1999) 
Hendolin et al (2000) 
Luo et al (2003) 
PRESENT STUDY 
Kristiansson et al 
(1999) 
Post-operative Hospital Stay (Days) 
Mean+SEM (Range) 
LC 
3 (2 - 8) 
2 ( 1 - 1 5 ) 
3.2±0.3 
3.5±0.3 (1-6) 
3 (2 - 8) 
OC 
6 ( 3 - 9 ) 
4 ( 2 - 1 9 ) 
6.7±0.2 
6.6±0.4 (4-10) 
6 ( 3 - 9 ) 
p-value 
p<0.05 
p<0.01 
p<0.001 
p<0.05 
p<0.05 
Thus we see that the post-op hospital stay in LC group of the present study is more 
than that recorded in majority of the other studies, and this is mainly the reflection of 
our study design as blood sampling on 4* post-op day in our set-up was, in general, 
was possible only in in-hospital patients, thereby mandating the patients directly or 
indirectly to stay in the hospital until 4''' day, often without any complaint. Some 
patients in the present study were found totally symptom free soon after laparoscopic 
cholecystectomy and it proved really difficult to persuade them stay anymore in the 
wards. 
Six patients were discharged after 1-2 days, and for blood sampling on the 4* day, 
they were called to the PAC (Pre-Anaesthetic Check-up) clinic or the surgical follow-
up clinic as suitable. That was found a little bothersome to the patients to come to the 
hospital for no obvious complaint so early after discharge. 
This aspect of the present study highlights two things. Firstly, with respect to the 
current trend of pre-planned early discharge after laparoscopic surgery, the present 
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study design proved faulty not only from the patients' point of view but also from the 
point of view of hospital stay, an important surgical outcome measure, and future 
study design should take this thing into consideration in order to have good patient 
compliance as well as to really utilize a clinical parameter judiciously for assessment 
of the surgical outcome. 
Secondly, strengthening of local area health structure credibly will inculcate the 
feeling of confidence in patients for early discharge as available back-up health care 
provider support will not only cater any post-discharge problem but also communicate 
with hospital personnel for timely action. 
These issues though appear, on face value, distant from the main objective of the 
present research work and often mentioned casually in other studies, are really 
important and need serious considerations because the ultimate aim of a clinical study 
is its apt clinical application that is always directed towards improvement of the 
quality of the patient care and favourable surgical outcome satisfactory not only to the 
surgical-anaesthetic team and hospital administration but also to the patients in the 
current perspective. That is the reason why I tried to discuss these issues at length so 
that results of the present study may prove finitfiil to achieve the desired clinical goal. 
Two out of 21 patients in lap chole group went home late (one on 5* day and the 
other on 6* day post-operatively). These patients did not have any post-op problem 
but still preferred to stay in the wards because of the ingrained impression in the 
minds of the general public at our place that the routine discharge from the hospital 
takes place only after removal of the stitches on the 7* post-op day. To persuade the 
patients in the post-operative period to go home earlier following lap cholecystectomy 
was found a little difficult and partially successfiil because they were always 
apprehensive for fear of any complication developing at home. This altered our resuh 
of the post-op hospital stay to a certain extent and emphasizes the importance of 
thorough pre-operative patient counselling, especially in terms of discharge protocol 
following smooth uneventfiil recovery from surgery agreed upon between the patient 
and the surgeon beforehand mutually. With this approach, the reliability of the clinical 
efficacy with respect to the systemic stress responses will definitely improve fiirther, 
especially in relation to the current goal of'Fast Track Surgery'. 
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Table 5-3: Comparative Operating Times for Lap & Open Cholecystectomy 
Authors 
Westerband et al 
(1992) 
Rademaker et al 
(1992) 
Group I 
Group n 
Joris et al (1993) 
Redmond et al (1994) 
Glaser et al (1995) 
Ortega et al (1996) 
Kristiansson et al 
(1999) 
Hendolin et al (2000) 
Sheen-Chen et al 
(2002) 
Luo et al (2003) 
PRESENT STUDY 
Place of 
Study 
New York 
Netherlands 
Belgium 
Ireland 
Germany 
Los Angeles 
Sweden 
Finland 
Taiwan 
China 
North India 
Duration of Surgery (Minutes) 
LC 
81±28(36-143) 
90.5±sd 27 
70.0±sd 20.2 
62.9±4.6 
83.0±sd 27 
73.0± 3 
70±6 
98 (80 - 125) 
90(45 - 160) 
102.2 
51 
71.6±sd 3.1 
OC 
-
78±29.3 
-
69±sdl7 
74±6 
77±6 
125(70 -
225) 
90 (45 -
150) 
71.3 
59 
73.8±sd 3.6 
p-value 
-
>0.05 
-
>0.05 
>0.05 
>0.05 
>0.05 
>0.05 
<0.05 
>0.05 
>0.05 
In the recent past, Luo et al (2003) from China reported significantly shorter operating 
times of 51 and 59 minutes for lap chole and open chole respectively, indicating 
current trend of acquiring better surgical expertise after proper hands-on training as 
well as availability of better equipments & facilities. Presently this is also the case at 
our own institution where majority of the laparoscopy-trained senior surgeons 
completes lap chole as well as open chole well within an hour. 
With respect to the total abdominal hysterectomy, Moore et al (1994) recorded lesser 
duration of surgery (Mean±SEM) in their patients - 79.9±11.5 and 97.0±12.9 minutes 
for GA and EDB groups respectively. This is significantly less than that documented 
in the present study (118.8±2.0 min). However, not much of literature is available in 
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China) mimic each other closely, and all the same this observation confirms that 
gallstone disease is currently the problem of normal weight people in developing and 
not-so-developed countries. 
Thus, we find that the age and BMI of the patients in the present study are at variance 
with the classical 5 Fs of the gallbladder calculous disease (Fat, Fertile and Flatulent 
Female of Fifty) described by Rains and Ritchie (1982) who documented gallstones in 
only 20 % of women during child-bearing period. All of our patients with 
symptomatic calculous gallbladder disease belonged to the reproductive age group, 
suggesting a definite change in the incidence of the symptomatic calculous 
gallbladder disease. This is in agreement with the observations of Ortega et al (1996) 
and majority of other studies when critically analyzed with respect to age range and 
calculation of BMI. A detailed comparative distribution of age, weight and body mass 
index of the patients in the three study groups were shown in table 4-206 and 
reproduced as follows. 
Table 4-206 (Reproduced): Age, Weight and Body Mass Index in Present Study 
Groups 
LC 
OC 
OH 
n 
21 
21 
21 
Mean Age + 
SEM 
(Range) 
years 
31 ±1.03 
(18-42) 
33 ±1.06 
(22 - 50) 
45.10±1.10 
(35 - 55) 
Mean Height + 
SEM. (Range) 
meters 
1.55 ±1.01 
(1.50-1.62) 
1.56 ±0.80 
(1.50-1.63) 
1.57 ±0.66 
(1.52-1.64) 
Mean Weight + 
SEM (Range) 
Kg 
45.00 ±1.00 
(40-56) 
46.48 ±1.10 
(40-60) 
52.29 ±1.27 
(43 - 62)? 
BMI + SEM 
(Range) 
Kg/m^ 
18.596 ±0.238 
(18-22) 
19.116 ±0.323 
(18-23) 
21.259 ±0.438 
(18-25) 
Thus, we find (Table 5-3) that the age and BMI of the patients in the present study are 
at variance with the classical 5 Fs of the gallbladder calculous disease (Fat, Fertile and 
Flatulent Female of Fifty) described, by Rains and Ritchie (1982) who documented 
gallstones in only 20 % of women during child-bearing period. All of our patients 
with symptomatic calculous gallbladder disease belonged to the reproductive age 
group, suggesting a definite change in the incidence of the symptomatic calculous 
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gallbladder disease. This is in agreement with the observations of Ortega et al (1996) 
and majority of other studies when critically analyzed with respect to age range and 
calculation of BMI. A detailed comparative distribution of age, weight and body mass 
index of the patients in the three study groups were shown in table 4-205 and 
reproduced as follows. 
5.2.5. Duration of Surgery 
In the present study, duration of surgery (Mean±SEM) of 71.6±3.1, 73.8±3.6 and 
118.8±2.0 minutes was recorded for LC, OC and OH groups respectively (Table 4-5). 
LC and OC groups were comparable with respect to duration of surgery (p>0.05) but 
LC vs. OH as well as OC vs. OH groups were statistically different in terms of 
duration of surgery (p<0.001) (Table 4-5). 
Even in the early era of post-laparoscopic surgery, Westerband et al (1992) 
documented an operating time of 81 ±28 minutes for laparoscopic cholecystectomy, 
with a range of 36 - 143 minutes. A little later, Ortega et al (1996) observed almost 
similar operating times (Mean±SEM) of 70±6 and 77±6 minutes for LC and OC 
groups respectively (p>0.05). These data are in consonance with those of ours. 
However, Hendolin et al (2000) from Finland reported a little higher mean operating 
time of 90 minutes (range 45 - 160) in LC group as well as OC group. 
Various reported studies are mentioned in the following Table 5-3 to highlight the 
variable operating times for better understanding and data interpretation. 
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Chambrier and associates (1996) reported BMI (Mean±SEM) of 23.1±1.3 and 
24.3±1.2 in two groups (Placebo & Ibuprofen) of patients who underwent open 
cholecystectomy at Lyon, France, that is, their patients' BMI was <25 Kg.m" as was 
seen in the present study. However, in recent past, some investigators reported BMI 
for patients undergoing cholecystectomy a little higher than that recorded in the 
present stucfy (Table 5-2). 
Table 5-2: Comparative BMI 
Authors 
Martin et al (1992) 
Rademaker et al (1992): 
Group I 
Group n 
Joris et al (1993) 
Glaser et al (1995) 
Chambrier et al (1996) 
Kristiansson et al (1999) 
HendoliD et al (2000) 
Luo et al (2003) 
PRESENT STUDY 
in LC & OC Groups 
Place of 
Study 
UK 
Netherlands 
Belgium 
Germany 
France 
Sweden 
Finland 
China 
North India 
BMI(Kg.m^) 
LC 
26.6 
26.8 
28.1 
-
26.711 
23.1±1.3 
24.5^ 
Tl±% 
24.8'i 
18.60 
OC 
~ 
25.3 
24.5'i 
25.811 
24.3±1.2 
28.011 
28±8 
25.511 
19.12 
p-value 
-
>0.05 
-
>0.05 
>0.05 
>0.05 
>0.05 
>0.05 
>0.05 
H Calculated BMI from data documented in their reports; Italicized data indicate 
normal BMI. 
The report of Luo et al (2003) from China assumes importance as the similarity of the 
patients' body mass index (BMI <25 Kg.m-2) reflects the fact that the socio-economic 
structure of majority of the excessive populations in the two'countries (India and 
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The patients' weight in the present study were found statistically comparable between 
LC vs. OC (p>0.05) but significantly different in the LC vs. OH groups and OC vs. 
OH groups (P<0.05) (Table 4-2). 
Joris et al (1993) reported higher weight of 66.8±3 for patients who underwent lap 
chole. Redmond et al (1994) mentioned patients' weight of 69±sd 11 and 69±sd 12 
years for LC and OC groups respectively. Ortega et al (1996) also reported higher 
weight (MeaniSEM) of 137±6 lb (62±2.7 Kg) and 150±11 lb (68±5 Kg) for their 
patients undergoing laparoscopic cholecystectomy and open cholecystectomy 
respectively. 
Moore et al (1994) reported patients' weight (Mean±SEM) of 66.9±3.8 and 62.7±2.2 
years in GA and ADB groups of patients undergoing total abdominal hysterectomy 
respectively. 
It is of interest to note that most of the studies reported in literature mentioned mainly 
patients' weight, supplemented sometimes by the patients' height, and patients' BMI 
(Body Mass Index) were usually not calculated which may be more realistic and 
relevant for the comparative study and interpretation of the data. Furthermore, obesity 
which needs to be defined in terms of BMI imposes its own consequences on the body 
and may alter the systemic stress response following surgery, which may make the 
interpretation of the recorded data more difficult. 
On face value, the abovementioned patients' weight appear much more than that 
recorded in the present study but when BMI is calculated from the data given in their 
studies, it is found comparable in most of the studies as is seen in Table 5-2 
5.2.4. Body Mass Index (BMI) 
All patients in the present study had normal BMI as per the WHO criteria (<25 Kg.m" 
\ Patients' BMI was found 18.596, 19.116 and 21.259 Kg.m^^  in the LC, OC and OH 
respectively (Table 4-4). From the very outset, overweight/ obese patients were not 
included in the present study. 
In 1993, Joris and associates from Belgium reported patients' mean weight of 66.8 kg 
and mean height of 1.65 meter for patients undergoing lap chole, resulting in the BMI 
of 24.5, that is, less than 25 Kg.m'^ , the normal BMI as per the WHO criteria. This is 
in full agreement with our own finding. 
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Serum cortisci levels rise due to surgical stress was ameliorBted 
poefopeiatively in lapareeoopicgnxf) but the sirese evdved to trie 
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poBtcperative period (p<0.000). This could be due to lesser 
2 3 
Sr • lH^ i1 tn 
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hour and end cfsurgeiy but the surgical stress was abdi^nd or 
mininjzed in both the gitxips on 1" and 2" poetoperaUve day. 
niferential alavaicn ol plasnia glucose during boti techniques oi 
surgery was also reported by Adrian etal (1996)'. MaiKed elevation 
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ol plasna Cortisol in boBi the groups was probably the relleclcxi 
of 8ddltonal stress to the patents due to suigical trauma whch 
Gubsided in due oxirce of inn in lapansscoptc group txjt ocntinued 
in open ctiolecysteclamy gioup. Hcwawer, in open chdeaysteclonv, 
continued addi«onal Gtrasslo patients, could be the inteipreiatton 
of raised plasma cortisd in poetoperativs period. The raised blood 
glucose changes were likely to be induced secondaiy to 
pneumopeiflcneum. The inkjence d sduble caibon dioxidG on the 
carotid and aortic chstnoreoBptorenhance he sympatieicoutlcwr 
mediated by slferBni imputees to aU) corneal center^. Stimulation 
or sympalheic nennusactivity causes alsvatian ol blood g^cose 
piimarily by simulating hepatic glycogenolysls, and suppresses 
insulin secrBtioa These aooeleraled stress responses persislBd 
in intiaopeiative period only, reverted to nonnal level within 24 
hours in accordance witi other investigatois''*^ >ono and co-
woricei" have done a comparaf ve anafysis, legarding attenuation 
of stiess response by thiee diifeient techniques in OO, lapaiosoDpic 
suigery. They otseerved that the larger doee ot fentanyl or even 
thotadc epidural anesthesia was unable to blodc or inhibit the 
hypothalanitc-pituitaiy-adiaial axis response completaly, Acootdng 
to Radennalcsr al", parilonaal stretching ie oonsiderad to be the 
important contributory lector lor accelerated mataboic iBsponses 
in LC; and advocated 20 ml ol 02SX> bupivacaine to attenuate 
meleboGc hoimcnal response tolaparosoopic surgeiy. Krisiansson 
et aP 1990, on advanced biochemical study has lound similar 
hormonal lesponses Mith varied biochemical, pain and fatigue 
response. We lound chdecystectomy is a stressLiI suigical 
procedure, which modifies tie stress response signilcantly, either 
perioinned through open indsion or laparoecopically. FbHowing 
laparoscopic surgeiy the stress hoimonal nasponses were more 
pronounced during Intraoperativg period as depicted by seium 
Cortisol levels. However, in Ihe postoperative period caiabdic 
hoimonal responses were more obvious and ooninued subsequent 
to open cholecystectomy ITius, post operative morbidity was 
signiticantly altered by the lechrique even as intiaoperalive 
parameters were ccmpaiaUe. The lesser dissection was most 
probably balanced by tie stiess induced tiypneumopeiiloneum in 
laparoscopic surgery. 
These hoimonal responses are reliable indicators ol acute 
stress. They assume importarKe at centers witi resource oonstreint 
where the long teim outcarre ot the patients cannot be ellectively 
evalualBd using advanced maikeis. Current thrust is on advanced 
biochemical studies like aoilB phase reactants spedaly cytddnes; 
tumor neoosls (actor & ej^iBesion ol eeium proteins ^-reacive 
protein) to explore ttie underlying peicsived differences "•^. The 
analysis ol the advanced mariters may give greater insight to our 
eRort in quantifying stress response. 
However, at tiis stage of our study, the direct nde d seium 
ooif sol and blood glucose wt i our observations warrants in-depti 
investgalions and is our taiget lor further investigation. It is hoped 
that the present study may help in understanding or throMng 
some light on the cellular mediarisnE ol paienls subjected to 
stress or trauma. 
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CORRIGENDUM 
There occurred a typing error in the table 2 of the paper 
titled - ' Cortisol and Glycemic Responses to Open and 
Laparoscopic Qiolacystactoirry- A Comparative Evaluation'', 
published in the J Anassth Cin Phamnacoi 2O08; 24 (4): 
437-440 (Authors: ShaHa Haieem, Maulana Mohd Ansari, 
Jawiad Musan'ai, Atab Ahmad, Napiul Islam, S.Bano, Braj 
R^ Singh). 
Readers are requested to read the blood glucose level 
ad the End of Swgsry in the OC GtDup (Open Cholecystec-
tomy) as 1 « j 6 1 9 i 13.249 instead of t38.619±l 3.249 in the 
Table 2, with consequently slight change in the Figure 1. 
These minor changes do not aker the overall results and 
conclusion. 
Corrected Tabia 2 and Figure 1 are shown as under: 
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lhi)r;icic spinal u|;nMrnt, a riimmon vHircr i»f \vmpiilhrik Mipplf t» iMari and KaUbtaddrr, rkplainrd thi 
f»h\(rt(*<t i-hut4-rixictc»rdi«< link. \rur%ilicli\t% Ihf rrfiirr ni-rd tn ht I'tcllant during cb<]}e^ y%lrtf-ii>mi«%. 
[! hus Ken piniul.iicd liiiit ciri.tni ^(Uiunoitut (AS.A clii» III were randnmK sciccied Mir ihc 
rl•;li,\t'^ frmn iJisciiMii yali hl,nidcr mii> briny •>(ud> ol L^^nJnnu.^ i•ular changes during elecii'.e 
ahoiii t'.rculaturv ttisturhanctN lit.!.- ilecfcascd cholccvitcciomy under general anaesthesia. 
ixDiuiiv SVHHHI flow anpjtsii ami liysrrhylhinia' 
•\ lew mtrkcr^'' had (rifd In evaluate thi^ 
[jhi'niinVvf'mii bv f»ala^L•r[chI ai ajid 4>r iiitcint^lai 
hkKl. .i>. «c-li a-. cxUitdural oi c%cii sniraplcura; 
iHT'.v; hIv.LK •isuh :iii:l5l'. '.ariaWc itMiltN. lii ihc 
ht.'s[ cii mil kmnilcduf. (nc rcvults i.it a priisfn'itiic 
iiHr,tiipCJal!'.i; >tud\ di;l.iiii; hiiiaf) tiaLt Mir.i.'L-f\ 
!U!'.f 111)! lni:ii u'porii'd u; !i;c I njilish litcrauiri.'. 
.'Ml paiRTils were prtttitdaaied wiih iniramu\ 
ciilar hufK-rimnphino <^  jwj! Wg hody weight) and 
pmniciba/mL- (t).-*' inc k^ ; httti\ wcitthU W imri 
bctori' indutliitn. .Micr prc-oNvj-i-nattort (or .^ -.S 
mm. uidiictu)!! ot anacstliCMa Was achieved Uith 
sli'cp diiM- o! intravenous thmpcntunc s*»dium (4-7 
m.u kp bivdv 'Acighli. and Utiehcu \*as imubatcd 
tiddcT direct visHin with wesl-liibrieaieJ cnitraehcal 
1 fu-i^ -tori.-. ,1 suids vv^ 's iJcMiirud in a'.sevs liie tube lolloinrijt' it>iiavcnous >cs.\amcthonnjni chio 
pov.ihie ei!iiiei.i,'vIu-;-a;i!iai- iitsk in noriiuitomive rule ( I. I^  itlj; ky bodv 'Aetyhlt. AnacMhevja was 
;(nii ireaU'd !isp<.Tttnsi\-..- paticnis diinni; reml.s^al tflumtained with nitr^'Us usidv ai'.d oxsgcn ir. 
(il the iliseascil s?ai! b.adder, a procedure W> .^''[aim. With iresh jjax tloi^ id S 1 nun tiiKHigh 
vcnnr.i.n;;, pLTasrrncd ,n riiuihs-rn indui. a scmjcKncd Maple\e>n < csreui! "ti ei.mtroilcd 
Material & MelhiiiiN \entiiat!!in Vtuseular relaxation was obtained 
i.viih paneurnt^ium btunude (Kll ij^ kg hsidy 
S,.1IV,,.lensr.e pat!eiU-.(,\S\ claNs I) and treated weight). Kesiduai iicuri.musculat Wock was 
iiypeitensi'.e patients 'Ailhoijt aiiy eardiae priibk-rii anlaJ;l^ni»ed a! the end o( uptralio!) with 
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b(i( i i r i ; i : i , i i < ID pj i i t -ms) 
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\ t t.'-f rrut i^ r 
i.pri.>IHVi 
•,s n - ^ , ; 
^.• i >,<, • *; •t'-t 
n:t?ul,tt 
cwuUft 
Ml W>- > ","' 
^^ :^  '>~ - s * ^ 
M \ P iiKjii jistiiji! prc>-M)(f. Cvjlut^. * •-fJ.I)'' •* - li'Kii. • • IU>I a-. oisiip.i(di 111 prt-i»pc(,iini'•..III 
nfuviijiiinns (5()//g kg btxly uci|>hn plus aiiopinv 
>,uiphatc 1-5 ;/}{ kj; body ucjghl) 
( iJiHinuoui iniimioring »1 hear! rate. rhvlMm, 
;iiu! \ssiuiii. rts well as diastolic hU>>Kt ptc-su'v-. 
V*.!N carried out tiiri)iij;tumt !hi" procciliiu- in .til 
piii'.i-nts, anJ imaii aitctiul piosMirc (MAI' i w.(^ 
i.iituiaitd h\, the mcliU'U 111 Uuismlii.- pn.-.suif p'uii 
tiric IhHO (il thi; puKf prcsMirf I'itlicnts 
(lixc-liipinj; anv icature suf!i>c>>!m.- i»l hypoxtii <>i 
h\pi'icii[t>i:i wofi' ixcliiiicU Ijiini ttu' s tmh 
! ijiHirio-. »>1 iiftac'iiht.-M.t w i^s cwiud-cd b \ the 
iii>ini;ij pupillary M/C .ihM-nit i»l itfitis, Mviaiini; 
vir hscvup, iind .ihsi-iuc o( skeletal muwlc 
fuovetncni S ta lKt io l afiahM\ u.i \ dune usiiij; 
pain-d and uiip.iiu.'il 1 !i>i 
KrMiItt & I)Kriis«ii<in 
lhir i \ !u>fm('tciiM%c p,MK'ni\ t^iniMp Al luni 
tliMty lupcricnsivc p.itiinlN iii?»ni)k'«l on IHlidc" 
(hcn/thi.i/idt • lr(.<f!i(t'!i'(u'j. dui/cp.uii .truf m 
riUciU'psni' (prmip B), utKUijriun}; ck'Cli^c choice) 
^ti'Ctnttu ;tl I S Medical t (iile}!C, Alijiarh. tturn 
.)amiiir>. IWX to Jiiiniais. l*»'Hl. were studied t(»i 
pciopcradvc ciudiovu^ctiUi ttuiiigi's Patients',i>;t 
ranged from 27-45 \ r (ntcitn .'<•..^ .'» m j-TiHip A, 
and troin 25-49 yi (mean >"» 67t in proup B. 
.Male:lemaltr ratto «iis 1:14 and I 9 m jjvoiips A 
and B ropectiveW. 
Significant ehatijjcs in hear! rate and mean 
arterial pressure f M M ' l lAeie detceied dunnp (he 
remtnal of gall bladder ut huih the groups 
( lah le) Heart rate increased b\ ^i.f>^ per cent 
(group A) and 21 39 per cent (group Bl. while 
MAI* increased by 7 » per cent (j.'ri>up Ai and 
39 19 per cent (jirtHip Bl Heart rhului i (d ra ined 
rcEUiar llinnighoul i:liii5ec\Mteti>iin in jiioup \ , 
bitt T ^1 pc! cent >>r the treated hvpciIensL'.e 
p-jtietus dc-eUipesi t,vehy;«t!i>t!n«ias (supvascntu 
cuiar tachycardia 9 patients, ientiicular titch>cardui 
1 patient! I hese alteratums m heart rate, ihylhisi 
and mean aiieiiai pressure »cie sipntiicanth 
dillerent between the twu puMips (/•• (HXtl}, arid 
all ictiirned tn near nurmal al the end .'! 
iiperaltun. I'lisltiperatiVt ice*i\eiv -Aas iineienduU 
m all patients t>t the tsso pioups. 
Villh ihi'nieie segment n\ spsnal uoiiS is a 
Cdinmim siiiirte ol ssnipalhei;e siippK !i! he.iM 
through cardiac plexuses' and to bihars ti.ici 
throujih ciit'iue p lexus"" Moiec^ei, it has heen 
recently obseiced that the higher branches <•; 
greater splanchnic nerves may be traced upwards 
in the ssnipatlietic Ininl. as far as sccimd ui even 
iirst thuraetf ganpha" Hence, strcleh or distension 
sensaimns ol Hihary tract, transmitted thiough 
Mscerai sensur\ t ib i t s i>1 the splanchnic nerves. 
ii!ii> lead ti> Klalr .e or absolute iiiciease m tlie 
syinpathclic tone, causing tachscatdia. hvpei 
tension and laehyarrbvihnuas' ' . 
I he present obsei\aii<ins are m tull a g n e i m n l 
vsith ttuise ot MetisicKon and Vtonheit ' .iiu! 
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litrsborough et a/'*. HoWever, the fcflos siimu-
lation of ^iupraienal nerve plexuses via the cociiac 
ganglia may produce adrenal bursts and overall 
sympathetic over activity. I'he present study 
confirmed thai the haemtidynainic disturbances 
secondary to the di!>cascd gat! bladder and us 
removal are more marked when cardiovascular 
iysiem is the seat of proclaimed or latent 
disorders. Anaesthetists need to be vigilant 
throughout surgical procedures performed on the 
biliary trac! in order to detect and treat any 
cajdiovastulat (ivstutbtincc, 4R umc. 
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Comparative assessment of TNF-a and C-
reactlve protein in patients subjected to open 
instead of laparoscopic cholecystectomy 
Shahia Haleem, Maulana M. Ansari*, Jawed Mussarat**. Braj Raj Singh**, Aftab Ahmed, 
Mohib Ahmed 
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>i> 'J^t^<',•-i''yA>XXfi. 
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ABSTRACT 
Back^^wnd: C-reaclive protein (CRP) and tumor necrosisfactor-a {TNF-ot) are specific proteins modulated 
by the acute stress of surgery. Various retrospective and prospective studies have demonstrated subdued 
stress riesppnses in laparoscopically operated patients vis-&-wis ttie conventional (open) method. 
Aim': To assess the roles of TNF-a and C-reactive protein levels as tentativie stress markers in correlating the 
extent of perioperative irhmune modulation durir>g open and laparoscopic cholecystectomy in a subset of 
an fndian population. Setting and Design: This study is a prospective study. Materiate and Methods: Fony 
patients admitted and operated over a period of two years, were assigned to two groups: laparascopic 
cholecystectomy (LC) (Group-!) or open cholecystectomy (OC) (Group-ll). Selection was t>ased on: patients' 
preference, patients' insistence, patients' inability to afford the laparoscopic procedure, lack of expertise 
or lack of facility in the fwspilal for the laparoscopic procedure. The baseline characteristics in terms of 
anesthetic protocol, f luid management, postoperative orders and perioperative care were Kept similar 
for both groups. Statistical Analysts: SPSS v.11 wqs used for statistical computations. Results: Baseline 
values of CRP in the C3C and LC Groups were 7.9959 ± 5.57837 (Jg/ttil and 11.3948 i 11.61055 
Jig/ml respectively. CRP values rose markedly during the intra- as well as the postoperative periods till 
day 4 (P < 0,001) in both the groups. Imragroup variations were not significantly different from each 
other (P > 0.05). No such trend was noticed for TNF-a levels under identical conditions. Indeed, the 
TNF-a levels were 2.0304 ± 5.67384 pg /mland 11.3406 ±. 25.09385 pg/ml in the O C and LC groups 
respectively. Intragroup changes were not significantly different f rom each other (P > 0.05). Percentage 
changes in CRP and TNF-a were higher after OC in cornparispn to LC. Conclusions: The present study 
did n<^:r«co^d statistical differences in the levels of the two markers (CRR TNF-a) b^ween the two groups. 
This resflECts tl ie limited tissue trauma dtJe to easy and simple visceral tissue dissection in the two ^pes of 
nondifTicult surgery iniraoperatively. However, greater change (P = 0.09) of TNF levels (30% vs. 1.9%) 
in the O C group on the 4'-'' postoperative day represents the possibility of greater immune modulation 
in the O C group poslofjeratively. 
Key words: C-rcacUve protein, laparoscopic cholecystectomy, open cholecy^ectomy, stress response. TNF-« 
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How to die this artUe 
Hateetti 5, Aiiswi MM, Mu?s»t3i 1 Singh BR Alrncd A Alirrieu M. Uiwafa'iw.; as<.VJ»K-nt c>t INF a fj«\ .^  ii;3<i'V(> (Xtter; «<• 'jf.Ktd, 
aifciectiit lij o(x;n iraead (>l iparoxcpc •••.:K,«-jtys«>KO!;i'). Iciite. 1 Sutt IW/.o^J W-IOl 
Surgery, (he "conlrolled deliberate injury" the body thai include aJterations in Ihe expression of 
for the purpose of Iherapy. induces a .series acute pha.se reactants-CRP and TNF-a. In general, the 
; of biochemical and hormonal respon.ses in magniludeof changes in thasc proteins are apparently 
« ' Z—r 7 7 ,^7"T . \3kcn as proportional to the lixlenl of overall stireical 
— — and aisseclion is often not taken into account dining 
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different Hurgical techniquBS and emphasis is put 
mainly on the parietal tissue trauma allliough it may 
signiricantly influence the surgical stress. Laparoscopic 
cholecystectomy (LC) is usually considered to be a 
safer procedure than conventional cholecystectomy 
in terms of metabolic, hormonal and immunological 
changes.'"' Although factors like visceral tissue 
dissection. $ui;geon's skills, selection of patients and 
standardization of the surgical procedure signiOcantly 
influence the stress response, they have hitherto not 
been largely considered. We postulated that LC induced 
lower stress responses than the conventional open 
cholecystectomy and that comparison of TNF-a and 
C-reactive protein (CRP) levels would aid in monitoring 
these stress responses. Therefore, a pilot study was 
conducted to test the proposed hypothesis in patients 
of Indian origin with uncomplicated cholelithiasis. 
MATERIALS AND METHODS 
Subjects 
The study was approved by the Board of Studies (BOS) 
and Committee for Advanced Scientific Research 
(CASK) of our Universitj'. This study was conducted 
over a period of two years from October 2004 to 
December 2006. After detailed informed consent, 
elective cases (American Society of Anesthesiologists 
(ASA) grades I and H) with symptomatic, uncomplicated 
cholelithiasis (fit for laparoscopic procedure) were 
cotisidered for the present study. Forty cases included 
in the study were divided into two groups-20 
patients in each group depending upon the selection 
criteria. PatienLs with acute dioJecyslitis, pancreatitis, 
choledocholilhiasis, malignancy, jaundice, history 
of allergy, sluroid intake, cytotoxic chemotherapy, 
pregnancy or hypoproteinaemia and patients requiring 
perioperative blood transfusion were excluded from 
the study. 
Sample size 
In consultation with our statistician, the sample 
size was calculated taking into account the reported 
prevalence of stress during anesthesia and surgery. 
Considering tlie prevalence of stress in surgical patients 
to be 100% (from previous studies and past records), we 
took it as 95% and allowed an error of 5% of prevalence 
of stress on either side so as to correct our estimate in 
95 out of 100 patients. Hence, if "p" is the prevalence 
of stress rate in percentage and "q" is the nonstress 
rate in percentage and p + q = 100, then the standard 
error is v'(pq/n) or 2/(pq/n) -= 10% of p where n is the 
sample size. Putting the value of p = 95% and q = 5% 
in the equation: 
(4 X 95 X 5)/n = (10 X 95/100) x (10 X 95/100) 
The value of n would h>e 21. 
Kollowing randomization according to patients' 
.selection criteria, this study included 40 patients. 
Reasons for patients undergoing open 
cholecystectomy (DC) 
1. Financial: inability to afford laparoscopic 
procedure. 
2. Patients' preference: for a specific general surgeon 
who lacked suitable expertise in the laparoscopic 
technique 
3. Lack of facilities: de novo absence or malfunctioning 
of existing gazettes 
4. Biticnts' insistence: patients' phobia of complications 
after laparoscopic cholecystectomy ba.sed on bad 
experience of kith and Idn. 
5. Lack of expertise: inavailability of laparoscopic 
surgeons 
Sample method 
Venous blood (5 ml) was withdrawn from the 
antecubital vein into a plain sterile glass vial. The 
samples were centrifuged at 3000 g for 10 min for 
separation of serum. The sera were transferred into 
plastic tubes and transported in ice boxes for storage 
at -60*C in the Institute of Microbiology where the 
biochemical analysis was done by competent laboratory 
personnel blinded to the study, test serum and siu-gical 
intervention given lo the patients. 
Sample times 
Serial measurement of CRP and TNF-a was done by 
sampling the blood. 
1. First baseline sample was collected preoperalively 
after overnight fasting. 
2* Second sample at time of separation of gall bladder 
from (he liver bed. 
3. Third sample at the tinio of completion of suj^ jory. 
4. Fourth sample on 1" poslo|)erative day. 
5. Fifth sample on 2"^  postoperative day. 
6. Sixth sample on 4"" postoperative day. 
Perioperative protocol 
All cases were first screened in the preanacsthetic 
clinic for relevant history and clinical examination. 
The investigational findings w(.'re recorded in the 
preanacsthetic cards. 
All the procedures were explained to the patients who 
were advised lo take tablet diazepam (5 mg) orally the 
night before the surgery. 
Anesthesia 
Patients received midazolam (0.04 mg/kg) intravenously 
in the preoperative room 30 minutes before induction 
of anesthesia. Subsequently, injection metoclopramide 
(0.2 mg/kg) and fentanyl (2 /xg/kg) bolus were given 
as preemptive adjuvants to surgical analgesia. Inj. 
fentanyl was repeated 1 ^g/kg/li tiU the surgery was 
completed. 
All the patients were anesthetized with injection 
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thiopentone sodium (6-7 ing/kg). Trachtsal intubaliou 
was facilitated with the help of vectironium bromide 
(0.12 mg/kg) and maintained with intermittent repeat 
dOKes of vecuronium, titrated with train-of-four 
response of Ol twitches.To maintain the systolic blood 
pressurc within 20% of the basal level, halothane (0.5-
1%) was u.sed. The inspired oxygen concent ration (FiO,) 
was adjusted to 40% in nitrous axide to maintain ttie 
saturation of peripheral oxygBn(.SpOJ level alxjve 98%. 
All the patients were venlilatnd mechanically at the rale 
of 12 brcatfas/min. Htrioperalive monitoring includes 
heart rale (HR), mean arterial blood pressure (MAP), 
electrocardiogram (EKG), saturation of peripheral 
oxygen (SpO )^ and end-tidal carbon dioxide (ETCOj), 
which was maintained in the range of 35 to 40 mm 
Hg. Before reversal of anesthe.sia, a deep intramuscular 
injection of diclofenac sodium (1.5 mg%g) was given 
to all patients as part of a routine anesthetic practice. 
The neuTomu.scuIar block was reversed with inj. 
neostigmine (0.05 mg/kg) and glycopyrrolale (0.01 
ing/kg) at the end of the surgery. 
Fluid therapy 
The intravenous fluid regime consisted of 500 ml of 
Ringer's, lactate solution ajid 500 ml of 5% dextrose 
solution during the intraoperative period. This regime 
was continued for 6-24 hours at the rale of 80-100 
ml.'lir depending upon climatic conditions. Usually 
oral intake was allowed in the same evening in the LC 
group and in the next morning in the OC group subject 
to patients' tolerance. 
Sui^ry 
The surgical proceiiures wore porfornied by consultant 
surgeons. OC was perfoniied through right subcostal 
incL i^on and laparoscopic by 4-trocaT technique with 
electrocauterj' dissection. Pneurooperitonnum was 
achieved with carbon dioxide insufflation, maintaining 
an intraabdominal pressure of 12-14 min Hg. Ritients 
who required perioperative cholangiography or 
conversion to laparotomy vvnrc excluded from the 
study. 
Postoperative care 
Deep inlramuscular injections of diclofenac sodium 
1.5 mg/kg were recommended every eight hours in the 
posloporalive order as the analgesic protocol. On the 
1" day of surgery, injection pentazocine (0.5 mg/kg) 
and injix:lio]i pbenargan (2 mg/kg) were given together 
intramnsctdarly in the night. 
The intensity of pain was assessed with the help of 
a visual rating scale (VRS).'^ ' The amount of pain 
described by the patient as a score of 0 represented 
no pain, 1 = mild/slight pain, 2 = moderate pain, 
3 = severe pain and 4 = reprewmted very severe or 
intolerable pain. The ouleral and parenterai analgesio 
were provided to the patient accordingly and the timing 
tnalan J Su<B! June 2007 J Volume 69; Issue 3 
of the injections was noted in th« case sheet. 
Exclusion criteria 
ftitients with per-operativK changes in Iheir vital signs 
> 25% from the basal level and requiring further 
supplementation in the anesthetic protocol were 
excluded froni the study. 
t^ticnts (loveloping significant alterations in (heir 
baseline preoperative investigations (haemoglobin, 
total and differential leukocytes count, blood urea, 
.serum creatinine, saum sodium and potassium, platelet 
count and prothrombin time) were also excluded from 
the .study. 
Any intraoperative injury to an adjacent organ / 
structure including bile duct injury led to exclusion of 
that case from the study. 
Immunological assays 
The quantitative determination of CRP concentration in 
plasma was done by amicroplate immunoenzymomctric 
assay according to the manufacturer's instructions 
(Product CcHle: BC in9M from CALIDIOTECII INC. 
USA). The absorbance obtained from the microplate 
enzynic-linked imnnmosorbenl assay (ELIS.A) reader 
was plotted in duplicate versus the correspondingCiy 
concentration in n^m[ with help of "Microbiology-
Instant" software. The hs-CRP (higli-sensitivity CRP) 
microplate IvUSA pro<:cdure has a sensitivity of 0.2 
/ig/'ml. The Intraassay and inlerassay coefficients of 
vsrialion in wi|)iin-run pret.ision for CRP were 7.5-2.3% 
and 4.1-2.5% respectively. The expected normal value 
for hs-CRP was taken as < 3 fig/ml. 
Plasma conctintiation ofhuman TNl-kt was determined by 
ELISA from the kil(Uiacbnc ljnm\uioassay, product no. 
650 090 090). Results were read on a spectrophotometer 
using 450 nm as the priman.' wave length. Average 
absorbance was caiculaled for each set of duplicate 
.standards, .samples and controls. The linear standard 
(:ur\'e was creaKxl by plotting the mean absorbance for 
(sich standard concentration on the Y axis against the 
TNl""-a standard concentration on the X axis. The overall 
intraassay coefiicient of variation was calculated to be 
3.3%. The interassay coefiicient of variation was 9%. 
Spike recovery ranged from 74-90% and the expected 
nonnal serum value was taken < 8 p&'ml. 
Statistical analysis 
Data was analyzed with standard computer software 
(SPSS vll.O). Intri^roup and inlergroup comparisons 
were done by paired sample statistics and independent 
sample T-tesls respectively. Values were expressed as 
means with standard deviation (SD) when normally 
distributed, or medians with the 25"" and 75* percentile 
interquartile range, when skewed. Nonparamelric 
tests (Mann-Whitney U Test, Wilcoxon signed ranks 
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leiil. Knisfcal Wallis tost and Joitcklieerc-Terpslra test) 
were usutl to compute the differences between the 
two study groups with respect to serial sampling. 
The changes within the groups were evaluated by 
nonparainelric tests. Two-tailed /"values were reported 
and a probability value of P < 0.05 was considered 
statistically significant. 
RESULTS 
la the study perioil from October 2004 to December 
2006, 406 patients underweni cholecystectomy 
although only 40 cases could enroll in the study due to 
our exclusion criteria. I^lienls included in the .ttudy had 
comparable baseline characteristics (age. sex, weight, 
height. tyjMj and duration of surgery and duration ol 
anaa-ithcsia) ITable 1]. The niedian.s of CRl' and TNI'-a 
with their 25* and 75"- percentile interquartile range 
were found to be normally distributed and hence, have 
not been documented here. The mean ± SO of CRP and 
TNF-a for both LC and OC groups are given in Tables 2 
and 3 and graphically represenlwl in T'lgures 1 and 2. 
Serial jiercentage changes in CKP and TNF-o in both 
the groups are given in Table 4. A markml increase 
iP < 0.001) in CRP levels was observed in OC and 
LC groups during the intra- as well as postoperative 
periods till day 4. However, intergiwip differences were 
not signifiiantly different {P > 0.05) from each other 
ITable 2J. In both the groups, the increjised sennn CKP 
concentrationsreachtsd the maximum level 24-48 hours 
after suigery and startc<l declining from the 4"'day after 
surgerj'IFigufO Ij-
The values of TNF-a in both the groups did not differ 
significantly (/* > 0.05| during the intraoperative 
period. Pbsloperattvoly its values rose markedly after 
the surger>' in the OC group from the 2"* to 4* day (P 
< U.Ol). fiowever, intergroup changes in TNF-u ware 
not signilicanlly different (/* >0.05| from each other in 
Iho peri-operative periotl (Table 3], 
Independent sample T-lesl for equality of means by 
applic:ation of Levencs lest for equality of variances 
and the 95% confidence interval of the mean difference 
(CID) were cnnpatablc m both the groups. When the 
results were compared between the Iwo groups using 
the Mann-Whilney U lest and the Wilcoxon W test, the 
two-tailed significance values were > 0.05. The response 
of CRP following surgery v«is not correlated {P> 0.05) to 
changes in ' n^ -a as the ties between the two markers on 
application of Bivariatc correlation by Pbarson test and 
Spearman lest was found to be insignificant. 
Table 1: Comparison of demographic data (mean i SO) in both the groups 
Vai1al>les(Mean±SD) 
Age in yews 
Weigh! in kg 
Height (cm! 
Sex (n, M/F) 
Duf^ticn ol surgery (min) 
Duration ot anatssthcsia (mtn} 
Open cholecystectomy 
33 I 5 
44 t 7 kg 
lb6 t i 
0/21 
73 ±9 
861 * 
Laparoscopic cholecystectomy 
31 1 5 
46 t 8 kg 
» S J 6 
0 /21 
71 t 4 
83 t 5 
P value 
>0.0b 
>OJ)b 
>0.05 
> 0 OS 
>0,0& 
> 0,05 
Table 2: C-reactive protein ((ig/ml) mean * SO with P vaJues in patients undergoing laparascopic 
cholecystectomy and open cholecystectomy 
Varialiles 
Preop 
Oisscclion ol 08 
End of surgery 
ffnaoDiay 
2^ postopday 
4" postop ()3y 
LC 
(IMean ± SO) 
! 1.3948 1 I1.6IC56 
15.8826 i 13.39302 
17.1596 • 11.94176 
38.4033 4 14.82422 
46.0838* 3.27104 
40,4196 t 7.90892 
P value 
0.212 
0.0 I t 
<o.oot 
< 0.001 
<O.DOI 
OC 
(Mean t SO) 
7.99i9 t 5.67837 
9.7660 1 5.13916 
18.380/ t 11.8174 
44.5418 ± 4.95632 
47.2053 1 4.7942 
42.9437 1 5.70931 
P value 
>O.00I 
< 0.001 
< 0.001 
< 0.001 
< O.OOI 
OC vs. LC 
P value 
0.862 
0698 
0.738 
0.698 
0.4M 
0.121 
C8 - G88 blarWcr, LC Ldpsrjscopic chotecy-siectomy. OC Open ciioltcvstectomy 
Table 3: TNF-a (pg/ml) mean t SO with P values in patients undergoing laparascopic cholecystectomy 
and open cholecystectomy 
Variat>tes LC P value 
(Mean ± SO) 
Preop 11.3408 t 25.09385 
Oisaeclion of GB 10.2322 s 28.80873 0.500 
end of surgery 11.40*1 t 26.06649 0917 
I " poslop day 4.9271 » 14.03764 0.345 
2* poelop day 19.7009 i 51.71799 0.594 
4'" prnlop day 22.7927 * 70.60013 0.779 
G8 - Gall bladtler, IC- Ufoftxofirc chalecv$tcxto<ny. OC - Open choiecysrtfctcniry 
f02 
OC 
(Mean ± SO) 
2.0304 • 5.67384 
0.2795 t 0.89687 
0.6610 J 2.09292 
17.7762 ± 41.55977 
27.2540 » 44.09036 
69.9436 • 174.29275 
P value 
0.063 
0.237 
0.069 
0.008 
0.008 
OC vs. LC 
(/> value) 
0.740 
0.301 
0.301 
0.381 
0.428 
0,094 
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DISCUSSION 
Surgical intervention, a fonn of delilierate trauma, is 
followed by well-documented inflammatory, hormonal 
and immunological responses that may be the 
deciding factors for the final outcome of the patient."^ 
Laparoscopic surgery is often perceived as minimally 
invasive surgery with attenuated responses and this 
perception has been proved in many studies."*' 
However, the majority of these studies fail to specifically 
address the impact of visceral tissue dissection 
that may also noticeably affect the neuroendocrine 
metabolic responses, depending upon whether the 
cholecystectomy is straightforward easy or difficult. 
Our observations on the comparative assessment 
of TNF-a and CRPs in patients subjected to open 
instead of LC, (P> 0.05) were consistent with those of 
McMahon and associates.'^' McMahon etaJ. evaluated 
several markers including CRP following LC and 
minilaparolomy cholecyslecloniy. Redmond and 
colleagues'" were also unable lo detect any significant 
difference in CRP levels between open and LC. 
Howe\'er, they did observe raihanced TNF expression 
after open cholecystectomy. 
These results may imply thai the amount of visceral 
tissue dissection and tissue injury may be an imporlanl 
contributory factor towards systemic immune responses. 
This aspect may be the true reflection of VC where the 
patient is invariably selected on the technical feasibility 
based on preoperative imping studies. This means that 
the similar trauma response in both IC and (X; groups 
may be the effect oC patient selection criteria. This is 
because added tissue dissection in complicated cases 
may enhance the degree of immunological modulation 
many fold, an observation that was also confirmed by 
others."-* 
Skin incision is frequently the site of maximum li-iisue 
trauma and is accordingly asstmted lo et'oke greater 
acute phase responses. However, in a prospective 
randomized study (n = 34), Hill and associates""' 
did not find any significant difference in CRP and 
Interleukin-6 (IL-6] expression following open and 
laparoscopic inguinal hernia repair that involves only 
parietal tissue trauma in either approach. 
In an animal model study, Douglas et a/."' and later 
on, Bessler and associates'" have observed greater 
elevations in IL-6 after laparoscopic colectomy in 
comparison to open colectomy. However, higher 
percentage increases in TNP levels in the OC group on 
the 4"" postoperative day surest that LC and OC are 
equally stressful inlraoperatively but subsist less in the 
Conpaialiys a m l ^ or CRP in al gmups 
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Flfluie 1: Penoperative changes'm plasna CRP concantralkiiis 
(Y mm) in the LC 9TOUP (n = 20) and OC group (n = 20). X axis 
denotes rneasurements al various sampling times. 
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Figure 2: Penoperative ctianges in plasma TNF-a concentrations 
(Y axis) inihe LC gtoup (n = 20) and OC group (n = 20). X axis 
denotes measuemenls at various sani|>iing limes. 
Table 4: Percentage changes In C-raactive protein and TNF-a levels In taparascopic cholecystectomy 
and open cholecyatectomy gtoups at various sampling times 
* ' * " ' ^ AtGBtassectlon End ot surgery I'^itwtoptoT" F^'portoTtta^ 4Vx>stop day 
operation LC OC LC OC ' ~ — ~^ ~^  ^""^ — — 
C-reactive protem 1.3 n tS 2.3 
T"-a 0 9 0.1 I OJ 
GB: Gsl MMda, M rigiHcs anc « percentage. 
LC 
3.5 
0.4 
OC 
5.9 
9 
LC 
4 
1.6 
OC 
6 
14 
Indian J Surg I June 20071 Volume 691 Issue 3 103 
58 
Haleem, el a/.: Perioperative modulation of CRP and TNF-a 
posto|jerdlive period as P= 0.094. 
Therefore, similar acute phase responses ars observed 
inlraoperalively in patients fit for LC, when operated 
on by the open method with easy visceral tissue 
dis.seclion. The Society of American (Gastrointestinal 
and Endoscopic Surgeons (SAGES)i"' Guidelines 
assume greater significaace in the light of the present 
study as better surgical skills will minimize the visceral 
tissue dissectional trauma with attenuation of the 
various acute phase responses that are the deciding 
factors for the final outcome a.s evident by per-opcrative 
modulation of TNF-a and C-reactivn proteins. 1 lowever, 
this also reflects that these selective stress markers 
(CRP and TNF-a) have a limited role in the clinical 
assessment of immune stress responses and tissue 
trauma. This finding warrants the search for more 
sensitive biomarker(s) for peri- and postoperative 
management of surgical patients. 
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AIMS AND OBJECTIVES 
1. To evaluate hemodynamic changes in noraiotensive (BP < 130/80 mmHg) and 
treated hypertensive patients during open abdominal hysterectomy and open & 
laparoscopic cholecystectomy in terms of clinical parameters. 
2. To evaluate hormonal and metabolic disturbances in normotensive & treated 
hypertensive patients during open abdominal hysterectomy and open & 
laparoscopic cholecystectomy by determination of plasma Cortisol, 
catecholamines and plasma glucose levels. 
3. To evaluate changes in acute phase reactants in normotensive & treated 
hypertensive patients in terms of cytokines, namely TNF-a as well as 
expression of serum proteins, during open abdominal hysterectomy and open 
& laparoscopic cholecystectomy. 
MATERIAL & METHOD 
The study will be performed after approval through the ethical standard of 
institutional conmiittee for the procedure. Normotensive (BP < 130180 imnHg) or 
treated hypertensive patients (ASA grade I&II) posted for elective open abdominal 
hysterectomy and open & laparoscopic cholecystectomy vvill be taken up for the 
present study. After prior information regarding the nature of the study to the patient, 
informed consent will be obtained for collection of venous blood. Patients developing 
hypoxia, hypercarbia and acidosis during anaesthesia or on steroid therapy will be 
excluded fi-om the study. 
The patients will be randomly allocated to open cholecystectomy or laparoscopic 
cholecystectomy or open abdominal hysterectomy. Following clearance from pre-
anaesthetic check-up patient will be received in operation theatre, after 
preoxygenation for 3 mins." Induction will be done with inj thiopentone sod. (5 
mg/kg). Endotracheal intubation will be facilitated with inj succinyl choline (1.5 
mg/kg). Anaesthesia will be maintained on nitrous oxide in oxygen along with 
vecuronium bromide (0.08 mg/kg) and fentanyl (0.002 mg/kg) for surgical procedure. 
Monitoring will be done peri-operatively with BP, Heart rate, MAP, pulse-oximetry, 
and electrocardiography. Blood sampling for catecholamine, plasma Cortisol, and 
plasma glucose, TNF-a, and C-reactive proteins will be done in sterilized pre treated 
vials: a) before induction of anaesthesia b) half an hour following start of operation, 
c) at the end of operation, d) 24 hours following surgery, and e) 4* postoperative day. 
Statistical analysis will be done with standard statistical methods as applicable. 
REVIEW OF LITERATURE 
Endocrine-metabolic response to surgery anaesthesia has been studied since long (2, 
3, 4, 5, 7, 10, 11) with varying results. Initially the concomitant secretion of the 
peptides as p-endorphin and adrenocorticotrophic hormone (ACTH) from the pituitary 
in response to acute stress was described in the rat by Guillemin and colleagues (12, 
13). Since then an increase in circulating catecholamine, adrenaline, and plasma 
Cortisol concentration has been discussed in a variety of clinical conditions including 
surgery and anaesthesia. However, the effects of different anaesthetic techniques on 
the changes in plasma Cortisol, catecholamine concentration associated with surgery 
have received little attention. Onset of surgery is associated with prompt increase in 
plasma concentration of noradrenaline & adrenaline. This sympatho -adrenal 
activation persist into postoperative period (14.) 
Kehlet H. 1982(12), had used extensive epidural (up to T 4) anaesthesia to modify the 
stress induced, adrenocortical responses, but not able to abolish these responses 
completely. Anaesthetist attempt to modify the endocrine& metabolic responses to 
surgery have yet to show consistent and worthwhile benefits. 
Regional anaesthesia is effective for pelvic and limb surgery only. Even high dose 
opiates become inefficient in early postoperative period (16). Therefore, this aspect of 
response has to be investigated thoroughly so that rationale attempt can be made to 
obtund the diverse metabolic changes to minimize perioperative morbidity and 
mortality. 
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Date 
Serial no: 
Particulars Of patients:-
Name 
Address 
Chief ComDlaints:-
PROFORMA 
Control 
Age/sex 
CADS No. 
DOA 
Weight 
Ward/Bed 
DOO 
Detailed History with special emphasis on history of: 
IHD, HTN, Valvular Heart Disease, Heart Blocks, CHF 
Asthma, COPD, DM, TB, Stroke, chronic medication 
Allergy to any drug. Addictions, Antipsychotic drugs 
General Examination: 
Pulse- BP- Temperature 
Pallor Icterus Clubbing Koilonychias 
Lymphadenopathy Edema MP Grade-
Systemic Examination: -
CNS Respiratory 
CVS Abdomen 
Investigations:-
1. HbGms%. . 
2. Total Leucocytic Count (TLC) 
3. Differential Leucocytic Count (DLC) 
4. Erythrocyte Sedimentation Rate (ESR) 
5. Blood Sugar (BS) 
6. Blood Urea (BU) 
7. Serum Creatinine (SCr) 
8. Chest X-Ray (CXR) 
9. Electrocardiogram (ECG) 
American Society of Anesthetists (ASA) Grade: 
1. ASA Grade I 
2. ASA Grade II 
Proposed Surgery: 
1. Open Abdominal Hysterectomy 
2. Open Cholecystectomy 
3. Laparoscopic Cholecystectomy 
Anaesthetic technique: 
13 
Total Dttration of Surgery; 
Monitoring: 
Timings for 
monitoring & 
Sampling 
Pulse rate 
(per min.) 
S.B.P. (mmHg) 
D.B.P.(mmHg) 
M.A.P. (mmHg) 
Sp02 
E.C.G. changes 
I/V fluids 
Transfusion 
B.Glucose 
mg/dl 
B.Cortisol 
nmoI/L 
Adrenaline 
nmol/L 
Noradrenaline 
nmol/L 
C-reactive 
proteins 
TNF-alpha 
nmol/L 
Preop. Vt hour 
after 
incision 
End of 
op. postop. 
4th 
postop. 
Per-operative Complications; 
Post-operative Complications: 
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ANNEXURE ffl: COPY OF CASK APPROVAL 
i OVFICE OF THE DEAN, FACULTY OF MEDCINE p^ yU^  
- / JNMC, AMU, ALIGARH 
V ' y DRAFT MINUTES 
,t"hc spcdaTTiWetinB of the Commiitee for Advanced Stodiej und Research, Faculty of Medicine, AMU, 
Aliuail, lieU) on 21 9 2004 HI 12 05 f'M ii) ihc pfficc of the Vice-Chancellor, following were present: 
I Mr Naseem Ahmd, yicc-Chancellor (in the chair) 
Dean, faculty of Medicine 
UMiirronn. Dept. of Oral Surgery, Dental College 
Chwrman. Dept. of For. Medidne 
Chainnan, Dept. of Orth. Surgeiy 
Chairman, Dept. of ENT 
Chairman, Dept. of Physiology 
riiairman, Dopt. of Medicine 
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Chairman, Dept. of Surgery 
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Chiiirmaii, U»pi. of Pathology 
Chairnuut, Dept. of An««thesiology 
Cluirman. D6pt. of Community Medicine 
Chairman, Dept. of Miaobiology 
Chairman, Dept. of Protthodontics, dental College 
Chairman, Dept. of AMtomy 
Chairman, Dept. of Pharmacology 
Chairman, Dept. of Biochemistry 
(tciii No. I Considered and approved the admission of the following candidates in Ph.D. course in the 
I >L-p;ii ,inenl of Biochcinistr}', Faculty of'Medicine as recommended by the Special meeting of BOS, Dept. of 
i'.-.-.!ii;.iMsir\di<ied 31 08.2004, 
K v - t ^ 
i Prof. Shamim J. Rizvi. 
.• I'lol. S.H. Hashmi, 
i I'rot'. 'Javed A. Usmani, 
5 Prof. M.K.A. Sherwani, 
r. Prof S,C. Sharma, 
i Dr D K. Agrawal, 
8 Prof. Jamal Ahmad. 
'> Prof. Ashraf Malik, 
lu Prof M. .Amamdlah Khan, 
! ; I'ruf Zakia Arslud. 
;; i'm". McharAm, 
'• .i r>rc r. ShiUijahan Bano, 
\\ Prof. Zulfia Kha.i, 
>' iV;r .-Nhida Ma) k, 
: I. Ui. Cucta Rajpui, 
!" Dr S M. Yumis, 
!^ : Or R.A Khan. 
10 Prof Rashid AH, 
I N'mnf o f l h r Cnndidatr 
loif ir of Ph.D. Ihrjis 
.'.. .N:inif of the Candidate 
liipicol Ph.D. thesfa 
.Super '^.soi 
i. .N'.-ini..-of the Candidate 
(ii|iir (ifrh.D. (hcsit 
Mr. Nutli'cin Ahmad Ausnri , 
"Ininninochuniical studies on glycated poly-L-lysine: Implications in 
diahcres mellitus". 
Professor Rashid Ali 
ncj)iiriiiiL-Ml ofOioclicmisliy. J.N. Medical College 
A.M.U ALIGARJI 
Mr. Amir Khnn 
'Free Radical-Mediated Oxidative Modification of Low 
Density lipoprotein by Cigarette Smoke: Antioxidative Impact of 
Tocotrienols". 
Prof Z.H. Beg 
Department of Biochemistry, J,N. Medical College 
A.M.U. ALIOARH 
Mr, M<,hd, Salman Khan 
•'ONidaiiwe ModificaiioJi of Low Density Lipoprotein in Hypcrlipidcmia"' 
and lilt Preventive Effcwt of Tocotrienols". \ 
Prof Z.H Beg • " ' 
Department of Biochemistry, J.N, Medical College 
f: %--
ftf. "HI 
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CASK 21.09.(M 
,0-Supervisof Dr. Syed Manazir Alt 
Reader 
Depanmeni of Pediairics. J.N Medical College 
AM.U. AUIG/AH 
to. Niimi'oriliiC:nululnio : Mr. linrwiucWiu 
Tdpf of Ph.D. thesis : Uioclwmical Siudy plSerine Proiease Inhibitor in Aithritis" 
•i'. poPiisor IJr, SIWUMIU Moin 
t,<ciuret 
Ocpnnmcm of Biocheinistty. J.N. Medical College, 
.\,M.U /iLJGAKH 
Psp'pned the candidature of ^^ r Manzoor Alinwd Gaioo Applied for I h.D course in the Dept. of 
Uifi'-hcmistrv INMC, ,AMU. due to liidii>g the fucu that he was adnuHed in M.Phil, Biotechnology and was 
nbseni long 
lieni No.2 (1) Considered and approved the protocol for supplication of Ph.D thesis of Dr. Mrs. Shahla 
I Ijilcem. Reader Dept. of Anaesthesiology. JNMC, AMU, as teacher candidate as recommended in the 
Itciiil meeting of the POS held on 26,8.2004 
.' :ii:u »t tvMhri: Dr. i>hiilila llaleein Header, Dept. of Anaestheiiology, JNMC, 
i.ipi^ A Prospcaivc Biochemical Study if Systemit; Stress Responses during 
Cholecystectomy and Abdominal Hysterectomy" 
III) Considered and appioved the protocol for supplication of Ph.D theses of Dr. Seema Hakim, Reader, 
D'.'pt of Obst 4 Gynca, J f^MC, AMU, as teacher candidate, as rdcommended in the special BOS held 
on 25 8.2004, 
N:iin«< iir IriU'lu-r: Dr. .Sniiiii IliiUiiii, Kriidrr, Uepl. of Obst. & UynM. JNMC, Alignrh 
1 opic. 'Expression profiling :o identify molecular markers of uterine receptivity and 
t'lnbiyu imptaiuaiion" 
ni l) Ciwiiidttrcd nnd uppiovud liic prutucul lor the supplication of Ph.D theses of Dr, Mohd. Shahid, 
! cctuf'r, Dcpi of MicrobiuSoty. JNMC us icadter candidate, as recommended in the Special 
mectii^oftheBOS ?1 S.-JOO-l 
ViumHrTcjuhrr Dr. .Mohd. Shahid 
1 cctiircr, Dttpi. of Microbiology, JNMC, AMU Aligarh 
' P- A Clir.ico-inicrgbiological study on aspergillosis in Patients Bronchogenic 
••;iicir.i-ma" 
><ii prn isor Prof. Abida Malik, Chairman, Dept. of Microbiology, JNMC, AMU 
(n't CoiAMdered at\d appioved U»e protocol for the supplication of Ph.D theses of Dr. Mohd Athar Ansari, 
Lecturer, Dept of Coiiiiuuiiiiy Medicine, JNMC as teacher candidate, as recommended in the special 
BOS 21 8 2004 
Name ofTeaclifr Di. .Molitl. Atliai Ansaii 
i iMiHC!, Dcpi niconwiutiiiy medicine, JNMC, AMU Aligarh 
A Muiiy ofiodiii!; deficiency disorders and the impaa of intervention package to' 
mipro\e iho consumption of iodised salt" 
P:..:" Zuifia Kiuui 
C!..iiiiiiaji. Dept. of community medicine, JNMC, AMU 
•|';.m.-
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5 CASR:2l.oyo-) 
/hi:t Nu.J lli'insricd ihi.' ;u '-'mn !;ikfi) by ihc nOS of concerned Dc|wrtmcm regarding rejection of 
rollowing appticaiiofl Torms of the Ph.D candidates; 
M.. IXc|);. Miiia! (Dcpt. of Diothcmistry. JNMC) BOS. 31.8.2004 
: Kiti ClicUili Ui.|!i;i (i)oi« ufniuthcmistry.JNMf:) BOS 31.8.2004 
Ml J.i\vvJIw|lml (IX-jn virUiiwiicmistfy.JNMC) BOS 31.8.2004 
.Ms. Shccba Khnn {Dcpt of Bioclwmistry, JNMC) BOS. 31.8.2004 
Km. Ni;i:n.-sliSliaii!-.;i (Dopi ofnioihemistO'JNMC) BOS. 31.8.2004 
,MsSVctiiSii)j5lwl (Pt-pi of Biofhenii.'iffy. JNMO BOS. 3 1 8 2004 
Mr Sadanand Pandey (Depl of Biochemistry. JNMC) BOS. 31.8.2004 
" Mr SohailHussain (Dept. of Biochemistry, JNMC) BOS. 31.8,2004 
'^  Mr S«e<iM Zafar .Mi (Dept of Biochemistty, JNMC) BOS, 31.8.2004 
•''• Ms Hina .Ayaz Khnti (Dcpt of Biochemistry, JNMC) BOS. 31.8,2004 
!' Ms Hafeeza Khatoon (Dept of Biochemistry, JNMC) BOS, 31,8.2004 
i : Miss. Shabana Khan (Dept, of Microbiology, JNMC) BOS. 31.8.20C4 
•,Vin No.5 Coosiderwl :iml appriivctl I'lc deputation of Ms Sara Afaq. Ph.D students Dcpt. of 
liiudtcntisiiy Uuiii K.)i.2UU3 lu I4,<l.2004 in Uic luburalory uf l*rol'. Hasan Mukhiar, Uopi. ul 
Del muu>io^>, L'ni. ft>ii) of Wisconsin, WI, USA, for some thesis related rcsearcl\ work. 
Ill-Ill N(i,6 roiiiiik-ru! a:,J ap]>!i»ved lite r.iiiior change in the lliesis topic of Miss Anju Tyagi, a student 
fo'- Ph n in Microbiology 
lupic (original) "Bacleriological profile and V jlecular Characterization of Staphylococcus aureus isolated 
from ctinical specimens and tcxid protiucts" 
li.jili i./,'ivi I. !i;mi-i.;' 'Phenoiypic anilMolecul-;r Characterization of Staphylococcus aureus isobicd from 
i'tiirti.-iil .•:|iccimen.s :inil lO'.! ariieles i^fiininial orijlin" 
.\:eCliim eiiucu »Mil. vulc 111 '^i^ .tllk^  • 
- L^'^rV.- 7^- (Prof. Shamim J. Rizvi) 
"^ y'^ r/ fo(/ • r^:, Dean 
nc- • •' 
!'S Prwrs oi«ission v>r any kind of discrepancy in recording the minutes, if found, be infiJnml lo llii.s 
office within a week, if no coinntcnis arc received in this nlVice with iii stipulated time it would l,e 
presumed thai the miniiles are receded correctly 
ni :|li!<l|lio!l 
V!.' !-K'!!tl!eis ofC.A.SK I--.',, Nfcdieiiic / ^. 
I' viliolier of .•VdiiiissiiMi & nxamiiialion "tO^-^"' 
r^X (.\oademic) 
I 'S T o V r fnrinformaiion ^ , , '*''* .-mt 
• • • > _ 
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ANNEXUREIV: CURRICULUM VITAE 
Dr. (Mrs.) Shahia Haleem 
Address for Correspondence: 
Department of Anaesthesiology 
Jawaharlal Nehru Medical College &, Hospital 
Aiigarh Muslim University, Aligarh 202002, India 
Email: shahlahaleem@yahoo.co.in 
Phone:+91 9997448172 
Professional Qualifications: 
1 
2 
3 
4 
M.D. 
(Anaesthesiology) 
D.A. 
(Anaesthesiology) 
M.B^.S 
Internship 
1988 July 
(Passed in 1^  attempt) 
1986 July 
(Passed l"* attempt: 60.25%) 
1982 July 
(Aggregate 55.6% marks) 
1983 July: Compulsory Rotatory 
Internship in all Clinical Subjects 
J. N. Medical College, 
A.M.U., Aligarh 
J. N. Medical College, 
A.M.U., Aligarh 
G.S.V.M. Medical 
College, Kanpur 
LLR & Associated 
Hospitals, Kanpur 
Professional Clinical Experience: 25 years (Total) 
(22years +4 months) & (2 years +8 months) 
(A). After Registrarship (22yrs.4 months): 
SJVo 
1 
2 
3 
DESIGNATION 
Reader in 
Anaesthesiology 
Lecturer in 
Anaesthesiology 
Registrar in 
Anaesthesiology 
DURATION 
10yrs.&7 
months* 
9 yrs.& 1 
month 
2yrs&8 
months 
FROM 
7.10.98 
21.09.89 
29.01.87 
TO 
Till date 
6.10.98 
20.9.89 
mSTITUTION 
J. N. Medical 
College, A.M.U., 
Aligarh 
«J. N. Medical 
College, A.M.U., 
Aligarh 
J. N. Medical 
College, A.M.U., 
Aligarh 
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(B). Before Registrarship (2yrs. & 8 months): 
1 
2 
Resident in 
Anaesthesiology 
(During D.A and 
M.D) 
Junior Resident in 
Anaesthesiology 
1 yrs. & 5 
months 
lyrs.&3 
months 
5.09.85 
19.10.83 
28.1.87 
31.01.85 
J. N. Medical 
College, A.M.U., 
Aligarh 
Sher-e-Kashmir 
Institute of Medical 
Sciences, Srinagar 
* Includes E.O.L period from 19.5.1999 to 18.5.2001, worked as specialist in 
Kingdom of Saudi Arabia, Mecca. 
Permanent Medical Registration No: 27320, UP Medical Council, Lucknow. 
Publications and Academic Work: 
S.N 
I 
n 
in 
IV 
Academic work 
PAPERS PUBLISHED 
A. FOREIGN JOURNALS 
B. INDIAN JOURNAL 
WORKSHOP/CONFERENCES/ SEMINARS 
ATTENDED 
INVITED FACULTY & CHAIRING SESSIONS AT 
CONFERENCES & WORKSHOPS 
PAPERS PRESENTED / RECEIVED AT CONFERENCES 
A. PRESENTED BY DR SHAHLA HALEEM 
B*. PRESENTED BY COLLEAGUES 
(* PREPARED BY SHAHLA HALEEM) 
Total No 
63(46)* 
8 
55 
24 
9 
24 
24 
50(17+33) 
19 
V 
VI 
vn 
VII 
IX 
X 
XI 
xn 
xn 
XI 
(X 
DOCTORAL THESES SUPERVISED 
A. SUPERVISOR 
B. CO-SUPERVISOR (ANAESTHESIA) 
C. CO-SUPERVISOR (SURGERY) 
CERTIFICATES OF HONOUR 
CERTIFICATES OF APPPRECIATION 
SPECIALIZED TRAINING COURSES DONE 
INDIVIDUAL RESEARCH PROJECT 
ENROLLED AS PhD CANDIDATE 
CONTRIBUTION TO THE DEPARTMENT / 
UNIVERSITY 
MEMBERSHIP OF ACADEMIC BODIES 
PUBLIC HEALTH FIELD SERVICES 
CONTRIBUTION TO KNOWLEDGE IN MEDICAL 
SCIENCE 
A. USED UNUSUAL TERMINOLOGY 
B. DESCRIBED RARE CONDITIONS 
C. SUCCESSFUL ATYPICAL TREATMENT USED 
INTERNATIONAL RECOGNITION OF ACADEMIC 
WORK 
7 
7 
2 
2 
1 
2 
2 
5 
2 
20 
List of Original Papers Published by Dr. Shahla Haleem : 
(A) PAPERS PUBLISHED IN INTERNATIONAL JOURNALS 
1. Ansari MM, Virdi JS, Beg MH, Reyazuddin, Haleem S. Smooth venous loop 
arterio-venous fistula for haemodialysis. Vascular Surgery (USA) 1991; 25(7): 
565-568. 
2. Ansari MM, Haleem S, Beg MH, Reyazuddin S. Barotrauma to the lung 
following endotracheal intubation (a case report). JIMA 1993; 25: 38-40. 
3. Haleem S, Ansari MM, Shakoor A, Hasan SA, Upadhyaya SK. Audiometric 
changes following spinal anaesthesia. Journal of Pakistan Med Association 1992 
March; 43(3): 53-55. 
4. Haleem S, Khan RM, Siddiqui MMH, Bahl N. A remedy for difficult fiberoptic 
intubation. Anaesthesia 2004 September; 59(9): 926. 
5. Zafar M, Ansari F, Haleem S. "Fall in heart rate triggered by the Sellick's 
manoeuvre" [E-letter], Br JAnaesth (17 October 2005). 
6. Haleem S, Ansari MM, Khan AQ, Nadeem A. Specific Evoked Motor response 
(EMR) for supraclavicular brachial block. Neurosciences 2007; 12(4): 299-301. 
7. Ansari MM, Harris SH, Haleem S, Fareed R, Khan MF. Foreign body granuloma 
in the anterior abdominal wall mimicking an acute appendicular limip and induced 
by a translocated copper-intrauterine contraceptive device: a case report. / 
Medical Case Report 2009; 3: 7007. 
8. Singh NK, Haleem S, Gupta V, Ansari MM, Khan AQ, Mohd M. Tramadol 
induced Seizure. Is Isoniazid the culprit? Neurosciences 2009; 14(3): 286-287. 
(B) PAPERS PUBLISHED IN NATIONAL JOURNALS 
1. Haleem S, Subzposh SWA, Shakoor A, Ansari MM. Nifedipme in uncontrolled 
hypertension. Indian Journal of Anaesthesia 1989; 37: 8-11. 
2. Haleem S, Ansari MM, Siddiqui MH, Kishore A, Bajwa R. Sustained muscular 
spasm after suxamethonium. Indian Journal of Anaesthesia 1990; 38:251-252. 
3. Haleem S, Ansari MM, Shakoor A, Shankar K. Delayed recovery fi-om 
neuromuscular block. Indian Journal of Anaesthesia 1990; 38:255-56. 
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4. Haleem S, Ansari MM, Shakoor A, Bano S. Prospective study of changes in 
serum calcium after Diethyl-ether Anaesthesia. Indian Journal of Medical 
Research 1990; 92: 192-194. 
5. Haleem S, Ansari MM, Beg MH, Khan TZ. Cholycysto-cardiac-link. Indian 
Journal of Medical Research 1991; 94[B]: 47-49. 
6. Haleem S, Shakoor A., Bano S, Ansari MM. Refractory Status Epilepticus: Role 
of continuous Thiopentone drip. Asian Archives of Anaesthesiology and 
Resuscitation 1998; 29(2): 261-264. 
7. Haleem S, Ansari MM, Shakoor A, Afzal S. Massive Atropinization in combined 
poisoning with Insecticide and Rodenticide. Asian Archives of Anaesthesiology 
and Resuscitation 1989; 32(2): 280-282. 
8. Haleem S, Ansari MM, JQian TZ. Stiff-chest syndrome and Thyrotoxicosis. Asian 
Archives of Anaesthesiology and Resuscitation 1990; 32(2): 76-78. 
9. Ansari MM, Beg MH, Haleem S. Endoscopic Extraction of oesophageal foreign 
bodies without endotracheal intubation. Asian Archives of Anaesthesiology and 
ResuscUation 1990; 33(2): 221-224. 
10. Haleem S, Ansari MM, Khan TZ. Acute propnolol therapy in thyroid surgery: 
Problem for anaesthetist-A case study. Asian Archives of Anaesthesiology and 
Resuscitation 1991; 34(1): 49-52. 
11. Haleem S, Ansari MM, Beg MH, Khan TZ, Quadir A, Khan RM. Giant hydatid 
cyst of lung -a plea for double lumen endobronchial tube. Asian Archives of 
Anaesthesiology and Resuscitation 1991; 34(1): 58-60. 
12. Haleem S, Shakoor A, Ansari MM. Platelet dysfunction after diethyl ether 
anaesthesia. Asian Archives of Anaesthesiology and Resuscitation 1991; 34(1): 
11-16. 
13. Haleem S, Ansari MM, Beg MH, Khan TZ. Anaesthetic management of surgical 
decompression cardiac temponade. JAnaesth Clin Pharmacol, 1990; 6:225-229. 
14. Haleem S, Shakoor A, Bano S., Ansari MM. Altered coagulability after 
inhalational anaesthetic drugs. Indian Journal of Physiology and Pharmacology 
1990; 33 (Suppl. 1): 16-17. 
15. Ansari MM, Wani NA, Haleem S. Cutaneous horns secondary to kangari. Indian 
Journal of Surgery 1990; 52(4): 197-198. 
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16. Ansari MM, Virdi JS, Haleem S. Vesical endometriosis - a rare complication of 
caesarean section. Journal of Obstetrics and Gynaecology of India 1989; 257-
258. 
17. Ansari MM, Beg MH, Haleem S. Acute Isoniazid Poisoning. Indian Journal of 
Tuberculosis 1991; 38: 37-38. 
18. Ansari MM, Beg MH, Haleem S. Adverse Effects of Anti-Tubercular Drugs In 
Cardiothoracic Practice. Annals of National Academy of Medical Science (India) 
1989; 25(4): 337-342. 
19. Ansari MM, Haleem S, Beg MH. Liver Functions after Repeated Halothane 
Administratioa Indian Journal of Physiology and Pharmacology 1991; 23:194-
196. 
20. Haleem S, Ansari MM, Shakoor A, Bano S. Effect Of Diethyl Ether And 
Halothane On Prothrombin Time. Indian Journal of Anaesthesia 1991; (39):26. 
21. Ansari MM, Beg MH, Haleem S. Osteomylitis Of The Ribs. Indian Medical 
Gazette 1991 Aug; CXXV(8): 238-240. 
22. Ansari MM, Beg MH, Haleem S. Hepatitis In Patients With Surgical 
Complication Of Pulmonary Tuberculosis. Indian J Chest Ds & Allied Sci 1991; 
33 (3): 133-138. 
23. Ansari MM, Beg MH, S Haleem. Clinico-Pathological Profile of Carcinoma of 
Oesophagus. J Indian Med Association 1991; 89: 217-19. 
24. Haleem S, Ansari MM, Shakoor A, Khan NH. Low Caudal Block in Two 
Different Postures. Asian Archives of Anaesthesiology & Resuscitation. Jan 
1992; XXXVI(l): 51-55. 
25. Haleem S, Ansari MM, Shakoor A, Rao JS, Ali MT. Low Potassium Syndrome 
Secondary to Third Space Losses. Asian Archives of Anaesthesiology & 
Resuscitation Jan-March 1992; XXXVI(l): 51-55. 
26. Haleem S, Ansari MM, Shakoor A. Platelets Function after Inhalational 
Anaesthesia. JofAnaesth and Clin Pharmacol April 1992. 
27. Haleem S, Ansari MM, Shakoor A, Singh J, Ali MT. Central Anticholinergic 
Syndrome Secondary To Glycopyrronium Or Febrile Convulsion? Indian 
Journal of Anaesthesia 1992; 40:259. 
28. Ansari MM, Haleem S. Acquired Crossed Renal Ectopia (A Case Report). Indian 
Journal of Surgery 1992; 54(10-11): 514-515. 
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29. Ansari MM, Haleem S. Ectopic Mandibular Chordoma (A Case Report). The 
Quarterly Journal of Surgical Sciences 1992; 27-28 (No. 3&4). 
30. Haleem S, Ansari MM, Beg MH, Khan TZ. Anaesthetic Management of 
Oesophageal Foreign Body Extraction. Indian J Anaesthesia 1992; 40: 35-38. 
31. Haleem S, Ansari MM, Shakoor A, Mandal MK. Malignant Tachycardia-A Sole 
Presentation of Thyroid Crisis (A Case Report). Asian Archives of 
Anaesthesiology and Resuscitation 1993; 39(1): 3-4. 
32. Haleem S, Ansari MM, Shakoor A. Comparative Study of Changes in Serum 
Calcium by Two Different Inhalational Anaesthetics (Diethyl-Ether & Halothane). 
Asian Archives of Anaesthesiology & Resuscitation 1993; XXXVIII(2): 3-7. 
33. Haleem S, Shakoor A, Abbas Z, Ansari MM. Recovery Of Cognitive Function 
After General Anaesthesia. JAnaesth Clin Pharmacol 1994; 10: 33-36. 
34. Haleem S, Shakoor A, Ansari MM, Ali MT, Malhotra P. Pentazocine Induced 
Respiratory Arrest (A Report of Two Cases). Ind JAnaesth 1995,43: 143. 
35. Haleem S, Shakoor A, Ansari MM, Moinuddin K, Malhotra P. Continuous 
Thoracic Epidural As The Sole Anaesthesia For Upper Abdominal Surgery. Asian 
Archives of Anaesthesiology and Resuscitation Jan-March 1995; 42(1): 35-38. 
36. Haleem S, Ansari MM, Shakoor A, Bano S. Prospective Study Of Changes In 
Serum Calcium After Diethyl-Ether Anaesthesia (Abstract). Indian Journal of 
Medical Sciences i\Ay 1990. 
37. Haleem S, Ansari MM, Singh RR, Hasan S. Epinephrine- Role in Modem CPR. 
(Case Reports). JAnaesth Clin Pharmacol 1997; 13: 73-74. 
38. Haleem S, Ansari MM, Srivastava VK. Neuro-Anaesthesia: Seven Years Audit in 
J. N. Medical College, Aligarh (Abstract). Asian Archives of Anaesthesiology 
and Resuscitation 1997; 47(1): 112. 
39. Haleem S, Malhoti^ P, Ansari MM, Shakoor A, Hasan S. Haemodynamic Affects 
Of Intubation Under Different Induction Techniques-In A Group Of Treated 
Hypertensives. Indian Journal of Anaesthesia 1999. 
40. Ansari MM, Haleem S, Shakoor A, Beg MH, Agarwal P. Foreign Bodies In 
Airways: Problems & Management. Asian Archives of Anaesthesiology & 
Resuscitation April 1998 (A-J); 48(2): 45-51. 
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41. Haleem S, Ansari MM, Ashraf M, Chawla G. Haemodynamic Consequences of 
LMA - A Comparison with Endotracheal Intubation. Asian Archives of 
Anaesthesiology & Resuscitation April (A-J) 2002; LViy2: 362 - 367. 
42. Haleem S, Ansari MM, Bano S, Sehgal SP, Tyagi R. Tube-In-Tube Tracheal 
Intubation Mimicking Bronchospasm. J Anaesth Clin Pharmacol 2002; 18(3): 
348-349. 
43. Haleem S, Ansari MM. Vocal Cord Protest and Endotracheal Intubation. / 
Anaesth Clin Pharmacol 2004; 20(1): 65-67. 
44. Gupta A, Haleem S, Shree T, Jamil S, Mehmood-Uz Zafar. Difficult Weaning 
From Ventilator and Dramatic Response of Magnesium- A Case Report. Asian 
Archives of Anaesthesiology & Resuscitation June (A-J) 2004; LX/2: 933-935. 
45. Haleem S, Usmani H, Memood-Uz-Zafar, Dwivedi G, Alam MT. Ph Adjustment 
Vs Combination Therapy for Epidural Blockade. Asian Archives of 
Anaesthesiology & Resuscitation March (J-M) 2004; LX/1: 867-874. 
46. Haleem S, Kazmi S, Ansari MF, Memood-Uz-Zafar. Post Extubation Pathologic 
Aerophagy: A Sign Of Progressive Airway Obstruction / Anaesth Clin 
Pharmacol 2004; 20(1): 87-88. 
47. Jamil SN, Alam M, Kumar KK, Haleem S, Ashraf M. Survival after Prolonged 
Failed Resuscitation- A Case of "Lazarus Syndrome". Asian Archives of 
Anaesthesiology & Resuscitation July (J-S) 2005; LXIII/1:1191-1193. 
48. Haleem S, Ansari MM, Ahmad A, Alam Z. Does Technique Matter For LMA 
Insertion In Children? J Anaesth Clin Pharmacol April 2007; 23(2): 223-224. 
49. Haleem S, Ansari MM, Musarrat J, Singh BR, Ahmad A, Ahmad M. Comparative 
Assessment Of TNF-Alpha And C-Reactive Protein In Patients Subjected To 
Open Instead Of Laparoscopic Cholecystectomy. Ind J Surg Jvme 2007; 69(3):99-
104. 
50. Haleem S, Ansari MM, Ahmad A, Alam Z, Ahmad M. Chest Rise Is Not 
Detected: Panic Or Logic? J Anaesth Clin Pharmacol Oct 2007; 23(4): 432-433. 
51. Haleem S, Ahmad A, Shree T, Gogia S, Jameel SN. Classic versus Proseal 
LarjTigeal Mask Airway: A Comparative Study in Elective Surgical Cases. 
Anaesthesia Update, December 2007; 10(2):21- 26. 
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52. Haleem S, Dwivedi G, Alam M, Ansari MM, Ahmad A, Singh N. Laryngeal 
View Scoring With Three Different Laryngoscope Blades: A Comparative Study. 
Asian Archives of Anaesthesiology and Resuscitation 2008; 66(1): 1472-1476. 
53. Haleem S, Ansari MM, Musarrat J, Ahmad A, Islam N, Bano S, Singh BR. 
Cortisol And Glycemic Response To Open And L£q)aroscopic Cholecystectomy-
A Comparative Evaluation. J Anaesth Clin Pharmacol October 2008; 24 (4): 
437-440. 
54. Haleem S, Mehmood A, Bhandari S, Ansari MM, Siddiqui MMH, Ahmad A. 
Accidental Tracheal Extubation And Difficult Reintubation In Sis -Trunk 
Operation. J Anaesth Clin Pharntacol 2009; 25(2): 241-252. 
55. Haleem S, Ansari MM, Singh NK, Bhandari S, Begum S. Ascaris In Oropharynx 
- A Case Of Reverse Migration. Asian Archives of Anaesthesiology and 
ResuscUation 200S; 67(1): 1600-1602. 
(Including papers related to Ph.D. thesis) 
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(C) ConferencesAVorkshops/Symposiums Attended from 1998 (Appointed 
Reader) to till date 
1. Peri-operative Monitoring: An Anaesttiesia CME Worlahop. Held at Sanjay 
Gandhi Postgraduate Institute of Medical Sciences, Lucknow on November 28-
29,1998. 
2. Critical Care Update - 2005. Held at Jawaharlal Medical College, A.M.U., 
Aligarh. November 19-20,2005. 
3. E.C.G. Workshop-2005. Held at J. N. Medical College, AMU, Aligarh on 
December 2005. 
4. International Anaesthesia Review 06. Held at Christian Medical College, 
Ludhiana and jointly organized by CMC and Mayo Clinic College of Medicine 
(U.S.A.) on 6* to 7* March 06. 
5. ISACON-2004, 52"" Annual National Conference of Indian Society of 
Anaesthesiologists, 26* -30* December 2004 presented paper "New method for 
difficult Fiberoptic endotracheal intubation". 
6. CME workshop for World Federation of Societies of Anaesthesiologists & 
Indian Society of Anaesthesioiogist5-2003 by the Department of Anesthesiology, 
J.N.Medical College, AMU Aligarh, 29* -30* November, 2003. 
7. Participated in Anaesthesiology & CriticaIcare-2003 for World Federation of 
Societies of Anaesthesiologists & Indian Society of Anaesthesiologists at 
Himalayan Institute of Medical Sciences, Dehradun on 7* -8* June 2003. 
8. Participated m Trauma CRITICARE 2003, 7* Conference of '^International 
Trauma Anaesthesia & Critical Care Society", 26-28* September 2003, New 
Delhi, INDIA. 
9. Participated in First International Conference on Trauma and Critical Care at 
AIMS, New Delhi & Apollo Hospital New Delhi from 22""*-24* November 1996. 
10. Participated in Workshop on Advanced Intraoperative Monitoring organized 
by Indraprastha Apollo Hospitals New Delhi on Feb 16,2002. 
11. Participated CME workshop 98 on "Perioperative Monitoring" 28-29* 
November 1998 at SGPGI, Lucknow, INDIA. 
12. Participated m district level training on HIV/AIDS by J. N. Medical College by 
U.P. State AIDS Control Society, Lucknow from 11* to 13* September 2001. 
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13. Participated in prevention of parent to child transmission (PPTCT) programme 
in Department of Obstetric & Gynaecology at J N Medical College, AMU , 
Aligarh, Sept.2006 
14. Participated in EmOC Training (emergency obstetric course training) in 
Department of Obstetric & Gynaecology at J N Medical College, AMU, Aligarh, 
fi-om 16-23"* November 2006. 
15.24* Annual Conference, U.P. Chapter (ISA), 19* & 20* Oct2002, 
Department of Anaesthesiology, Institute of Medical Sciences, Banaras Hindu 
University, Varanasi. Attended and delivered Guest Lecture. 
16.26* Annual Conference, U.P. Chapter (ISA), 9* &10* Oct. 2004 at GSVM 
Medical College, Kanpur. Attended and delivered Guest Lecture. 
17. Attended and participated ISACON-2004, 52°^  Annual National Conference of 
Indian Society of Anaesthesiologists, 26* -30* December2004, Bhopal 
18. Attended Live Workshop on Interventional Pain Management and 
International Symposium: Update in Pain Medicine on 23*^ ^ December 2006 at 
Indian Spinal Injuries Centre, New Delhi. 
19. Biannual National Workshop of ISA and RSACP held at Udaipur on 
September 22 & 23,2007. 
20. Participated in 16* Plastic surgery ivorkshop, UP Chapter, as Consultant In 
chaise of anaesthetic team, held on 16* -19* Feb. 08. 
21. Participated in 32 Annual conference UP Chapter of Orthopaedic Association, 
as Consultant In charge of anaesthetic team, for workshop ^Spinal 
Instrumentation and Locked Compression Plating (LCP)" held on l^ '-S'** Feb. 
08. 
22. EmOC training of Gynaecologist in JN Medical College, AMU, Aligarh, from 
Feb-April(6 weeks) 2008 on Post operative Care and Endotracheal Intubation 
Delivered Guest Lecture, demonstration & session as long clinic. 
23. Attended CME in Changing trends in obstetric Anaesthesia, Department of 
Anaesthesia, Maulana Azad Medical College, New Delhi, l**December 2007. 
24. Attended and Participated in International Symposium on predictive, preventive, 
and mechanistic mutagenesis and XXXIII EMSI Annual Meeting, Jan.1-3, 2008, 
Department of Agricultural Microbiology, AMU, presented a paper "role of TNF-
28 
alpha & CRP as stress marker during open and laparoscopic cholecystectomy in 
patients fit for laparoscopic cholecystectomy. 
25. Attended and participated in 1*' National conference on obstetric anaesthesia 
(FNCOA) and 1^ ' International Pre-conference workshop on OBSTETRIC 
ANAESTHESIA 5* -7* September, 2008 at Chennai. Paper presented was 
"single shot spinal anaesthesia versus combined spinal epidural anaesthesia for 
lower segment caesarian section". 
(D). Invited Faculty & Chaired Session at Conferences 
1. 24* Annual Conference, U.P. Chapter (ISA), 19* & 20* Oct.2002, 
Department of Anaesthesiology, Institute of Medical Sciences, Banaras Hindu 
University, Varanasi Participated as Guest Speaker. Topic: Management of PIH 
Syndrome. 
2. 67* Annual Conference, I.M.A., U.P. State, IS"" and 24* Feb 2003, IMA. 
Bhawan, Bareilly. Participated as Guest Speaker. Topic: "Anaesthetic 
management of PIH syndrome". 
3. 26* Annual Conference, U.P.Chapter (ISA), 9* &10* Oct. 2004 at GSVM 
Medical College, Kanpur. Participated as Guest Speaker. Topic: "Perioperative 
Stress Evaluation during Open and Laparoscopic Cholecystectomy- a comparative 
study". 
4. ISACON-2004, 52"** Annual National Conference of Indian Society of 
Anaesthesiologists, 26* -30* December2004, NOOR-US-SABAH PALACE, 
Bhopal. Participated as Guest Speaker. Topic: "HIV infected parturient". 
5. Critical Care Update-2005, 19-20 November at J N Medical College AMU, 
Aligarh. Participated by Chairing Session 
6. Refresher Course for the Faculty of Medicine 1** -21^ Nov 2006. Theme: 
Recent Advances in Medical Care. Invited Lecture on 18.11.06 "Recent HIV 
Strategies in Anaesthesia Practice". 
7. EmOC training of Gynaecologist in JN Medical College, AMU, Aligarh from 
16-23 November 2006 on Ketamine &. Spinal Anaesthesia. Delivered Guest 
Lecture and taken long clinic. 
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8. EmOC training of Gynaecologist in JN Medical College, AMU, Aligarh from 
Feb.-April( 6 weeks) 2008 on Post operative Care and Endotracheal Intubation. 
Delivered Guest Lecture, demonstration and taken long clinic. 
9. CONTUING MEDICAL EDUCATION(C.M.E.) organized by Department of 
Qabalat-wa-amraz-e-niswan, Ajmal Khan Tibbiya College, Faculty of Unani 
Medicine, AMU, Aligarh, sponsored by Department of AYUSH, Ministry of 
Health & Family Welfare, Govt, of India, New Delhi. Delivered guest lecture on 
3.08.08. Topic: "Pregnancy Induced Hypertension". 
10. PG assembly 2008 October at Maulana Azad Medical College, New Delhi, 
participated as invited faculty. Topic "Thoracic Anaesthesia". 
(E). Conferences/Workshops/Symposiums Attended From 1985 to 1998: 
1. 44th Annual Conference of U.P. Chapter of Association of Surgeons of 
India' at Jawaharlal Nehru Medical College, A.M.U., Aligarii, on December 3-4, 
1988. 
2. '4*'' Annual Conference and CME Programme of U.P. Chapter of Indian 
Association of Pathologists & Microbiologists.' Held at Jawaharlal Nehru 
Medical College, A.M.U., Aligarh, on February 19-20,1989. 
3. 'XI Annual Conference of U.P. Chapter of Indian Society of 
Anaesthesiologists.' Held at M. L. N. Medical College, Allahabad, April 2-3, 
1989. 
4. '35*'' Annual National Conference of Association of Physiologists & 
Pharmacologists of India.' Held at Jawaharlal Nehru Medical College, A.M.U., 
Aligarh, on December 22-24,1989. 
5. '12* Annual Conference of U.P. Chapter of Indian Society of 
Anaesthesiologists', held at Bareilly (U.P.) on April 8-9,1990. 
6. 'National Symposium on Pests, Parasites & Environment', held at Aligarh 
Muslim University, Aligarh, on December 17-19,1990. 
7. '13* Annual Conference of U.P. Chapter of Indian Society of 
Anaesthesiologists'. Held at Jawaharlal Nehru Medical College, A.M.U., Aligarh, 
onApril27,199L 
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8. '15* Annual Conference of Indian Orthopaedic Association.* Held at 
Jawaharlal Nehru Medical College, A.M.U., Aligarh, on May 4-5,1991. 
9. '14* Annual Conference of Indian Society of Anaesthesiologbts (U.P. 
Chapter)'. Held at Nainital Club, Nainital, on April 4-5,1992. 
10. Indo-U.S. Workshop on Problem Based Learning and Computer Oriented 
Teaching in Medical Sciences held at J.N. Medical College, A.M.U., Aligarh, 
November 11-13,1997. 
11. Xth Conference of U.P. Chapter of Indian society of Anaesthetists held at 
G.S.V.M .Medical college, Kanpur. 1988. 
(F). Paper Presented/Received at Conferences from October 1998 to till 
date 
(* speaker) 
1. Shahla Haleem* presented paper "Anaesthesia for total Hip Replacement" Indian 
orthopaedic association up chapter 13-14 Feb 1999.Department of orthopaedic, 
AMU, Aligarh. 
2. Yash Javeri*, Shahla Haleem, Nitin Bahl "Dramatic Response of Continuous 
Epidural Analgesia in a Case of Blunt Chest Trauma" , Poster presentation, 
International Congress on Regional Anaesthesia and Pain Medicine(AOSRA-PM) 
Indian Chapter of RSACP, Feb 20-22,2005AIIMS, New Delhi. 
3. MU Zafer*, Shahla Haleem, MR Malik, M Alam. "Effective dose of esmolol 
required to blunt the circulatory responses to laryngoscopy and tracheal 
intubation: a comparison of three doses." UPISACON 2003, 1-2 November 2003 
at Sanjay Gandhi Postgraduate Institute of Medical Sciences, Lucknow, UP. 
4. Shahla Haleem*, Gaurav Divedi, M.M.Ansari "Massive atropinization in a case 
of Organophosphorus poisoning- a case report." Trauma CRTTICARE 2003, 7* 
Conference of International Trauma Anaesthesia & Critical Care Society, 26-
28September 2003, New Delhi, INDIA. 
5. Yasir A Khan*, Shahla Haleem, A.Bhardwaj, Abu Nadeem. "Prospective 
evaluation of anesthesia for spinal surgeries: The effectiveness of spinal 
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anesthesia in combination with general anesthesia for controlled hypotension". 
Annual Conference Indian Society of Anesthesiologists North Zone 3-4* 
September 2005, Government Medical College, Srinagar, Kashmir. 
6. Shahla Haleem* Participated and presented poster on "pH adjustment and 
epidural blockade" in Anesthesiology & Criticalcare-2003 for World Federation 
of Societies of Anaesthesiologists & Indian Society of Anaesthesiologists at 
Himalayan Institute of Medical Sciences, Dehradunon? -8 June 2003. 
7. Gaurav Dwvedi*, Shahla Haleem, Mehtab Alam, Anurag John "Effects of 
insertion of SLIPA(SAM)-Comparison with LMA", World Federation of 
Societies of Anaesthesiologists & Indian Society of Anaesthesiologists (WFSA) & 
CME by the Department of Anesthesiology, J.N.Medical College, AMU Aligarh 
29* -30* November, 2003. 
8. Gaurav Dwivedi*, Shahla Haleem, Mehmood-uz-Zafar "pH Adjustment Vs 
Combination Therapy for Epidural Blockade" International Congress on Regional 
Anaesthesia and Pain Medicine (AOSRA-PM) Indian Chapter of RSACP, 20-22 
Feb.,2005 AUMS, New Delhi. 
9. Anurag Johri*, R.M.Khan, Shahla Haleem, Jasbir Chabra "Calculation of 
Increased Static Compliance after Recruitment Maneuver from Pressure Volume 
Curves-A Case Report" International Congress on Regional Anaesthesia and Pain 
Medicine (AOSRA-PM) Indian Ch^ter of RSACP, Feb 20-22, 2005 AIIMS, 
New Delhi. 
10. Abu Nadeem*, Shahla Haleem, Mehtab Alam. Presented paper "Thumb 
Opposition a superior predictor of supraclavicular block." Aimual Conference 
Indian Society of Anesthesiologists North Zone 3-4* September 
2005.Govemment Medical College, Srinagar, Kashmir. 
11. Iqbal Hasan*, Shahla Haleem, Mehmood-uz-Zafar, M.M.Ansari. Presented paper 
"Management of refractory hypoxia following flail chest traimia- Role of 
Tracheostomy" Annual Conference Indian Society of Anesthesiologists North 
Zone 3-4* September 2005.Government Medical College, Srinagar, Kashmir. 
12. Anurag Johri*, Shahla Haleem paper presented "New method for light wand 
insertion- A digital experience." WFSA & ISA-CME 2003,29-30 Nov., Aligarii. 
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13. Amit Gupta*, Shahla Haleem, "Post operative muscle weakness in emergency 
exploratory laparotomy: Role of Magnesium." WFSA & ISA-CME 2003, 29-30 
November, Aligarh. 
14. Shahla Haleem*, R.M. Khan, M.M. Ansari "New method for difficult Fiberoptic 
Endotracheal Intubation" ISACON-2004, 52"*' Annual National Conference of 
Indian Society of Anaesthesiologists, 26* -30* December 2004, Bhopal. 
15. Abu Nadeem*, Shahla Haleem, Gaurav Dividi, M.M.Ansari "A Comparison of 
stress responses and laryngeal view during intubation with Macintosh and McCoy 
blade". v 
16. SACON-2004, 52"'' Annual National Conference of Indian Society of 
Anaesthesiologists, 26* -30* December2004, Bhopal. 
17. Anurag John*, Shahla Haleem, Nitin Bhel et al."The effect of craniotomy / spine 
surgery location on the incidence of postoperative pain and nausea" ISACON-
2004, 52"*' Annual National Conference of Indian Society of 
Anaesthesiologists, 26* -30* December 2004, Bhopal. 
18. Anurag Johri*, R.M.Khan, Shahla Haleem "A method for the Calculation of 
Increased Static Compliance after Recruitment Maneuver from Pressure-Volume 
Curves" ISACON-2004,52"" Annual National Conference of Indian Society of 
Anaesthesiologists, 26* -30* December 2004, Bhopal. 
19. Neeraj K Singh, Shahla Haleem, Aftab Ahmed, S.Kamran Habib, Adarsh Kumar 
Ease of catheter placement and block characteristics, a comparison of two 
techniques for epidural space localization. Annual Conference of Indian Society 
of Anaesthesiologists, U.P.Chapter, 2"** -4* November 2007Goraghpur, U.P. 
20. Adil Hasan,Shahla Haleem, Aftab Ahmed, S.Kamran, Neeraj K Singh. 
Acomparative study of two different induction regimens to facilitate LMA 
insertion in children. Annual Conference of Indian Society of Anaesthesiologists, 
U.P Chapter, 2"" -4* November 2007Goraghpur, U.P. 
21. Neeraj K Singh, Shahla Haleem Left lateral tilt versus left sided pelvic tih 
(wedged) position after spinal anaesthesia for caesarian section: severity of 
hypotension and block characteristics presented in 19* UP congress of Obsteterics 
& Gynaecology UPCON-2007 fix>m November 24* -25* at JNMC, 
AMU,Aligarh. 
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22. Shahla Haleem, M. Madhu, Neeraj Singh, Aftab Ahmad. Anaesthetic 
Management of Maxillofacial Injury: A F 
Annual Conference froml6th -18* Feb.08. 
Retrospective Study. UP Plasticon 16* 
(G). Paper Presented/Received at Conferences from 1988 to before 
October 1998: 
(* speaker) 
1. Shahla Haleem*, S.W. Subzposh, A. Shakoor. "Nifedipine in Uncontrolled 
Hypertension" E- Xth Conference of U.P. Chapter of Indian society of 
Anaesthetists he]d ay G.S.V.M .Medical college, Kanpur. 1988, Paper 
Presentation. 
2. Shahla Haleem*, M.M Ansari, A. Shakoor, S.Bano. 'Effect of Diethyl-ether and 
Halothane on Prothrombin Time" - Xth Annual Conference of U.P Chapter of 
Indian society of Anaesthesiologists, held at M.L.N. Medical College, Allahabad, 
from 2"" to 3"^  April, 1989. Paper Presentation. 
3. Shahla Haleem*, A. Shakoor, S. Bano, M.M. Ansari. Presented Paper Altered 
coagulability after Inhalational Anaesthetic Drugs -35* Annual National 
Conference of Association of Physiologists & Pharmacologists, held at J.N 
Medical College, Aligarh from 22"** to 24* December, 1989. 
4. M.M. Ansari*, M.H. Beg, Shahla Haleem. 'Endoscope Removal of Oesophageal 
Foreign Bodies without Tracheal Intubation". XII Annual Conference of Indian 
Society of Anaesthetists (U.P. Chapter), held on 8-9 April, 1990 at Bareilly. 
5. Shahla Haleem*, A. Shakoor, M.M. Ansari. "Platelet Dysftmction after 
inhalation Anaesthesia". XII Annual Conference of Indian society of Anaesthetists 
(U.P Chapter), held on 8-9 April, 1990 at Bareilly. Paper Presentation. 
6. Shahla Haleem*, T.Z. Khan, M.M Ansari, S.M. Ashraf. "Cholecystocardiac- An 
Anaesthetists Experience". XII Annual Conference of Indian Society of 
Anaesthetist (U.P. Chapter) held on 8-9 April, 1990, at Bareilly. Paper 
Presentation. 
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7. Shahla Haleem, M.M. Ansari*, M.H. Beg, T.Z. Khan. "Peri-operative 
Management of Hydatid Cyst of Lung". XIII Annual Conference of Indian 
Society of Anaesthetists (U.P. Chapter), held on 27* April, 1991 at J.N. Medical 
College, Aligarh. Participation. 
8. Shahla Haleem*, M.M. Ansari, M.H. Beg, T.Z. Khan. Management of Tracheo-
Bronchial Foreign Bodies. XIII Annual Conference of Indian Society 
Anaesthetists (U.P. Chapter) held on 27.4.1991 at Aligarh. Paper Presentation. 
9. Shahla Haleem, T.Z .khan, M.M. Ansari, M.H. Beg, S.M. Subhani*. 
"Anaesthetic Management of Oesophageal Foreign Body Extraction". XI1 
Annual Conference of Indian society of Anaesthetists (U.P. Chapter) held on 27* 
April, 1991 at Aligarh. 
10. Shahla Haleem*, A. Shakoor, M.M. Ansari, M.H. Khan*. "Low Caudal Block in 
Two Different Postures". XIII Annual Conference of Anaesthetists (U.P. Chapter) 
held on 27* April, 1991, at Aligarh. 
11. M.H. Beg, M.M. Ansari*, S. Arshad, Shahla Haleem, M.N. Islam. "Long Term 
Result of Surgery for Thoracic Outlet Syndrome". XV Annual Conference of 
Indian Orthopaedic Association (U.P. chapter) held on 4-5 May, 1991 at J.N. 
Medical College, Aligarh. 
12. M.M. Ansari*, H. Murad, M.H. Beg, Shahla Haleem. "Echinococcal Infestation 
in man". National Symposium on Pests, Parasites and Environment held on 11-
13* March, 1991 at Deptt. of Zoology, A.M.U., Aligarh. 
13. M.H. Beg, M.N. Ansari*, S. Arshad, Shahla Haleem, M.N. Islam. "Long-term 
Results of Surgery of Thoracic Outlet Syndrome". XV Annual Conference of 
Indian Orthopaedic Association (U.P. Chapter) held at J.N. Medical College, 
Aligarh, on 4-5 May, 1991. Presentation. 
14. M.M. Ansari*, Shahla Haleem, M.H. Beg. "Barotrauma to Lung Following 
Endo-tracheal Intubation". XVII Annual Conference of Association of Surgeons 
of Indian (U.P. Chapter) with Armual Conference of International College of 
Surgeons (Indian Section-North Zone) held at G.S.V.M. Medical College, Kanpur 
on 9-10* Nov. 1991. 
15. M.M. Ansari*, M.H. Beg, Shahla Haleem. "Early Decortication of Pleural 
Empyemas". XVII Annual Conference of Association of Surgeons of India with 
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Annual Conference of International College of Surgeons (Indian Section-North 
Zone) held at G.S.V.M. Medical College, Kanpur, on 9-10* Nov. 1991. 
16. A.Shakoor, Shahia Haleem, S.K.Upadhyaya, M.N. Ansari, M.T. Ali*, M.H. 
Ansari. "Audiometric Changes with Different Gauges of Spinal Needles". Indo-
U.S. Anaesthesia Workshop-cum-CME, held at P.G.I., Chandigarh on 17-19* Jan. 
1992. 
17. T.Z. Khan, M.M. Ansari*, Shahia Haleem, M.H. Beg. "Experience of Single 
Lumen Endotracheal tube for Decortication of Pleural Empyemas in 251 
Consecutive patients". XIV Annual Conference of Indian Society of Anaesthetists 
(U.P. Chapter) held at Nainital Club, Nainital, on 4-5* April, 1992. 
18. Shahia Haleem*, M.M. Ansari, A Shakoor. Post-spinal Headache and Urinary 
Retention: A Prospective Study. XIV Annual Conference of I.S.A. (U.P. Chapter) 
Held on 4* -5* April, 1992 at Nainital (UP). Paper Presentation. 
19. M.M. Ansari*, M.H. Beg., Shahia Haleem. "Pneumo-mediastinum in unusual 
manifestation of Rubeola (measles)". XIII Annual Conference of Indian Academy 
of Paediatrics (U.P. Chapter) held on 13* - 14* April, 1992 at Aligarh. 
20. Shahia Haleem*, M.M. Ansari, A. Shakoor. "Role of Anaesthetists in the 
management of Riot Victims - An Experience at Aligarh". XII Asian-Australasian 
& XrV National Conference on Medical Rescue and Resuscitation held on 5*7* 
Dec., 1992 at New Delhi. Paper Presentation. 
21. Shahia Haleem*, M.M. Ansari A. Shakoor. "Role of Single Dose Felodipine in 
Hypertensive Patients undergoing General Anaesthesia". XV Armual Conference 
of I.S.A. (U.P. Chapter) held on 24* -25* April, 1993 at Lucknow. Paper 
Presentation. 
22. P.Malhotra*, A.Shakoor, Shahia Haleem. "An Evaluation of Cardio-Vascular 
Changes FoUowmg General Anaesthesia in Normotensives and Controlled 
Hypertensives". XV Annual Conference of I.S.A. (U.P. Chapter) held on 24*-25* 
April, 1993 at SGPGI, Lucknow- Granted ''Best Paper Award' & given the 
opportunity to represent it at XLI Annual National Conference of I.S.A. held on 
27* -30* Dec, 1993 at Bangalore.Again Granted TM Jha Award. 
23. Shahia Haleem, M.M. Ansari, A. Shakoor, T. Ali*. "A Clinical- Comparative 
Evaluation of Vecuronium Bromide & Atracurium Besylete". XLI Annual 
National Conference of I.S.A. held on 27*-30* Dec, 1993 ay Bangalore. 
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24. P. Malhotra*, A. Shakoor, Shahla Haleem. "ECG Changes during Induction in 
Treated Hypertensive Patients Following Different Induction Techniques". XLI 
Annual National Conference of I.S.A. held on 27* -30* Dec, 1993 at Bangalore. 
25. R. Gulati*, Shahla Haleem. "Levels Auto-antibodies in the Cerebro-spinal fluid 
in the Apparently Healthy Population". Second Asian Pacific Society for 
Neurochemistry (APSN) Meeting held on 14* -16* April, 1994 at Hyderabad. 
26. Shahla Haleem*, M.M. Ansari, A. Shakoor, M Aslam. "Role of Ondensetron in 
Prevention of post-operative NauseaA/^ omiting Following Upper Abdominal 
Surgery". XVII Annual Conference of I.S.A. (U.P. Chapter) held on 28*-29* Jun., 
1995 at Kanpur. Paper Presentation. 
27. Amit Goyal*, M. Aslam, Shahla Haleem, A. Shakoor. "Comparative Study of 
Ondensetron and Metoclopromide in Reduction of the Incidence of Nausea & 
Vomiting after Tonsillectomy". XVII Annual Conference of I.S.A. (U.P. Chapter) 
held on 28* -29* Dec., 1995 at Kanpur. 
28. S. Hasan*, Shahla Haleem. A. Shakoor, A. Gupta, M.M. Ansari. "Arterial 
Desaturation during Induction: Should Pre-Oxygenation be a Routine ?" XVIII 
Annual Conference of I.S.A. (U.P. Chapter) held on 6*"7* April, 1996 at 
Meerut. Paper Presentation. 
29. P. Agarwal*, Shahla Haleem, A. Shakoor, H.K. Garg. "Serum zinc and Copper 
Levels in Normotensive Hypertensive Patients during Anaesthesia". XVIII 
Annual Conference of I.S.A. U.P. Chapter) held on 6*-7* April 1996 at Meerut. 
30. Shahla Haleem*, M.M. Ansari, V.K. Srivastava. "Neuro-anaesthesia-7 Years 
Audit at J.N. Medical College, Aligarh". 1st International Conference on Trauma 
& Critical Care, held on 22"*' -24* Nov,' 1996 at AIIMS, New Delhi. Paper 
Presentation. Paper Presentation 
31. Shahla Haleem, M.M. Ansari, A Shakoor. "Experience of Single lumen 
endotracheal tube for decotication of pleural Empyema". XIV Annual Conference 
of I.S.A. (U.P. Chapter) 4* -5* April 1992, Nainilal. 
32. Shahla Haleem*. "Anaesthesia for total hip replacement". XXII annual 
conference of Indian Orthopaedic association (U.P. Chapter) held on 12-14* 
February, 1999 at AMU, Aligarh. 
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33. V.Chugh*, Shahia Haleem. "Awake Intubation in Facio-maxillary Trauma- study 
of 5 cases". XXIII annual conference of Indian Orthopaedic association (U.P 
Chapter) held on 12-14* Febraary, 1999 at A.M.U., Aligarh. Paper Presentation. 
(H). Doctoral theses Supervised for M.D. / M.S. 
(i). Supervisor for M.D. (Anaesthesia) Theses 
1. Effect of PH adjustment of lignocaine and lignocaine bupivacaine solution on 
onset and duration of epidural analgesia. 
Submitted: 1998 January. Candidate: Nidhi Prabha Sehgal. 
2. Attenuation of Pressor Response to Laryngoscopy and Tracheal Intubation: 
A Comparative Study of Lignocaine, Fentanyl and Esmolol. 
Submitted: 2004 January. Candidate: Dr. Mehmood-uz-Zafar. 
3. A comparative study of laryngeal view and pressor response by using three 
different blades Macintosh, Miller and McCoy blades. 
Submitted: 2005 January. Candidate: Dr. Gaurav Dwivedi. 
4. Comparison of use of Classic laryngeal mask airway and Proseal laryngeal 
mask airway in elective surgical cases. 
Submitted: 2005 July. Candidate: Dr. Tanu Shree. 
5. A Comparative study of Brachial plexus block by two different techniques: 
Paresthesia versus Nerve Stimulator A s s i s t Motor Evoked Response, using 
supraclavicular approach. 
Submitted: 2006 July. Candidate: Dr. Abu Nadeem. 
6. Identification of epidural space by loss of resistance technique. Comparison 
of three different approaches. 
Submitted: July 2007. Candidate: Dr. Aftab Ahmad. 
7. A Comparative study of three different regimes to facilitate LMA insertion in 
children. 
Submitted: January 2007. Candidate: Dr. S. Kamran Habib. 
8. Left Lateral Vs. Supine Wedged Position After Spinal Anaesthesia For 
Caesarian Section: Block Characteristics and Severity of Hypotention. 
Submitted: January 2009. Candidate: Dr. Neeraj K. Sin^ 
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9. A Comparative Evaluation of Block Characteristics and Haemodynamic 
Parameters Following Sequential Combined Spinal Epidural Anaesthesia 
Versus Subarachnoid Anaesthesia. 
To be submitted in 2010. Candidate: Shyam Bhandari. 
10. A Comparative Evaluation of Epidural Clonidine and Epidural Butorphanol 
for lower limb surgery. 
Candidate: Dheeraj Sharma, 2008-2011. 
(ii). Co-supervisor for M.D. (Anaesthesia) Theses 
1. A clinical comparative study of Vecuronium Bromide and tracurium 
Besytate. 
Submitted: 1993. Candidate: Dr. M. T. Mi. 
2. Effects of general anaesthesia on cognitive function. 
Submitted: 1993, Candidate: Dr. Zubair Abbas. 
3. An evaluation of cardio-vascular effects of intubation under different 
induction techniques. 
Submitted: 1994. Candidate: Dr. Poonam Malhotra. 
4. A comparative evaluation of cardiovascular responses to insertion of 
laryngeal mask airway and endotracheal intubation. 
Submitted: 1995. Candidate: Dr. Gaurav Chawla. 
5. Chances in arterial oxygen saturation during induction of anaesthesia and 
intubation. 
Submitted: 1995. Candidate: Dr. Amita Gupta. 
6. Comparative study of lignocaine (by intravenous, oral viscous or laryngeal 
routes) on the pressor changes during laryngoscopy and tracheal intubation. 
Submitted: 1995. Candidate: Dr. Alka Gupta. 
7. An evaluation of peri-anaesthetic changes in trace elements in normotensive 
and hypertensive patients. 
Submitted: 1996 (July). Candidate: Dr. Parul Gupta. 
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(Hi). Co-supervisor for M.S. (surgery) 
1. Cholecystocardiac iink-an intra-operative evaluation during biliary tract 
sui^ery. 
Submitted: 1992, Candidate: Dr. Arshad Jamal. 
2. Objective assessment of patient*s tolerance to inguinal hernia repair under 
local anaesthesia: A Prospective study. 
Submitted: 1996. Candidate: Indira Pal Singh. 
(iv). Certificate of Honour 
1. An special certificate of honour & appreciation from IMPACT INDIA 
FOUNDATION An International Initiative Against corrective disorders, for 
voluntary services to Lifeline express 27* January06 -to -27* February 2006 at 
Babrala(UP). 
2. By Rotary International, Polio Corrective Sui^ery& Rehabilitation 
programme by Rotary Club, Aligarh from Feb to March 2005. 
(v). Certificate of Appreciation 
I. From IMPACT INDIA FOUNDATION An International Initiative Agamst 
corrective disorders, for voluntary services to Lifeline express 27* January06-
to-27* February06 at Babrala (UP) by Tata Chemical Society for rural 
development. 
(vi). Specialized Training Courses done: 
1. Training Course for Drager equipment and has been instructed for use and 
application of the following device: Evita 4, place of training Makkah, Hera-
Hospital. Date of training 6* February, 2001. 
40 
2. Completed National Teachers Training Course at Maulana Azad Medical 
College, New Delhi in the Department of Medical Education at National Teachers 
Training Centre in recognition of workshop on "Educational Science Technology 
for Teachers of Health Professionals" from 19 to 28 November, 2001. 
(vii). Individual Research Project 
1. Deposited plan for 45* National Teachers Training Course Individual research 
scheme "Comparison of Traditional lecture oriented Learning System with 
Simulator guided learning system for Airway Management by Assessment of 
Trainee in a randomized Fashion" 19-28 Nov.2001, Maulana Azad Medical 
College, New Delhi. 
2. Done an Individual Research Project "An evaluation of endocrine & metabolic 
stress responses during open & Laparoscopic Cholecystectomy: July2003. J N 
Medical College, AMU, Aligarh. 
(viii). Contribution to the Department / University 
• Worked as coordinator of "Diploma in anesthetic Assistance" Course and actively 
participated in initiation of course. 
(ix). Membership of Academic Bodies 
1. Life member of Asian Archives of Anaesthesiology & Resuscitation. And 
National Association of Critical Care Medicine (INDIA). 
2. Life Member of Indian Journal of Anaesthesia, Membership no. S1215. 
3. Life Member of Journal of Anaesthesiology & Clinical Pharmacology, 
Membership no. H007 L. 
4. Life Member of Indian Journal of Pain. H-15. 
5. Member of Indian Association of Obstetric Anaesthesiologist. H-5 
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(x). Public Health Field Services 
1. Provided to IMPACT INDIA FOUNDATION An International Initiative 
Against corrective disorders, for voluntary services to Lifeline express 27*'' 
January 06-to-27* February 06 at Babrala (UP) organized by Tata Chemical 
Society for rural development. 
2. Provided to Rotary International, Polio Corrective Surgery & Rehabilitation 
programme by Rotary Club, Aligarh from Feb 05 to March 05. 
(xi). Contribution of knowledge In Medical Science 
(a) Unusual Terminology used 
• "Cholecystocardiac Link" 
• "Vocal Cord Protest" 
• "Platelet dysfunction after diethyl ether anaesthesia" 
• Haemodynamic Consequences of LMA 
• pH Adjustment for Epidural Blockade. 
(b) Described Rare Conditions 
• Stiff Chest Syndrome & Thyrotoxicosis 
• Malignant Tachycardia: A Sole Presentation of Thyroid Crisis 
• Tube-in-tube Tracheal Intubation Mimicking Bronchospasm 
• Barotrauma to Lung following Endo-tracheal Intubation 
• Post extubation pathologic Aerophagy: A sign of progressive 
airway obstruction 
• Survival after Prolonged Failed Resuscitation- a case of "Lazarus 
Syndrome" 
• "Fall in heart rate triggered by the Sellick's manoeuvre" 
• Acute Isoniazid Poisoning with double dose of daily medication 
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• "Sustained Muscular Spasm" induced by Suxamethonium 
• Platelet dysfunction after diethyl ether anaesthesia 
• Giant hydatid cyst of lung: a plea for double lumen endobronchial 
tube 
• Low potassium syndrome secondary to third space losses. 
• Glycopyrronium Induced "Central Anticholenergic Syndrome". 
• Continuous thoracic epidural as sole anaesthesia for upper 
abdominal surgery 
• Barotrauma: An unusual cause of Bilateral Tension Pneumothorax. 
• Broken Tracheotomy Tube 
• Audiometric changes following Spinal Anaesthesia 
(c). Successful Atypical Treatment Used & Published 
• Massive Atropinization in Combined Poisoning of Insecticide & 
Rodenticide. 
• Acute propanolol therapy in thyroid surgery 
• Epinephrine infusion role in modem CPR 
• Continuous Intravenous Thiopentone Drip in Refractory Status 
Epilepticus. 
• Intravenous Vitamin B6 in Suspected Acute Isoniazid Poisoning. 
• Double Lumen Endo-bronchial Tube for operation on Giant 
Hydatid Cyst of Lung 
• Continuous Thoracic Epidural As Sole Anaesthesia for pper 
Abdominal Surgery 
• Dramatic Response Of Magnesium in a case of Difficult Weaning 
From Ventilator. 
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(xU). International recognition of academic work 
1. For work titled "Prospective study of changes in serum calcium after diethyl-ether 
anaesthesia", published in Indian Journal of Medical Research (B) 1990; 92:192-
194. . 
1. Dr. Hellenbrecht (Germany) 
2. Dr. J.P. Layac (France) 
3. Dr. Masuhiko Takaori (Japan) 
4. Dr. Conxi Mora (Spain) 
5. Dr. Danila Pericic (Yugoslavia) 
6. Dr.J.C.Patel (India) 
7. Dr. M. Dyhstra (Netherlands) 
2. For work titled "Cholecysto-cardiac Link", published in Indian Journal of Medical 
Research (B) 1991; 94:47-49. 
1. Dr. Armenio A. Santos (Brazil) 
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Cortisol end Glyeemic Response to Open and Laparoscopic Choiecystectomy - A 
Comparative Evaluation 
Shahia HalMm, Mauana Mohd. Ansari. Jawad Mussarat, Aftab Ahmed, Najmul Islam, s. Bano, Brai Rai Singh 
ABSTRACT 
Btckground: Swun ccxlisd & bl'jot: glucoss I ami olltfii jemi svaluulmj & lacurir aridod us iiaikus ul sliu^s rebpuiisu | j i>u9c<il 
diaaoct on. In thi« stjdy we compa'ed S yaltdale Ihs r levsls in pei'arAa jndergdrg dv t^ecystestomy b)r open & aoarDtcosc aaprDOchss. We 
«l»c aim to verily l ie claim ttal less tissue ds5edion is Iho cause ol decreased stisas level: in lapa-cscopic SLrgery. 
P«fMntt * iMth0d«:4? hBsl'hy p$)tinnlK wit* i inr.onrplicailp.<1 chotalitTiasiR. unrtrsroDino Ber.liVR rlmtecvR-Bclo-ny eilTor via open inrjsion 
(00^21) or b|>arosco(M!: approact' (L021). were taken on the baas ol p3wer analysis. Ttte anaestiesia protocol was starxJardized 
ard no Qlucose mlusion ««as qven during 'tie peroperativs pe'tod. Rve l>looc samples were taken Irom ead* Mtieni ipreopsra.ively. 
imracpefalive, posto(>erative - Ot-r, 24tT a-td 43hr). Quantitative assessTtent ot serum coitisci was done tv RIA and blood $fuc3$e bv 
ghxutsti oiiddtw iiiBtlKid Odlu wtiittcoiii)Hiuc utidiiiiiy^ud witii Miulitip ol sjlwcce SPSS V.11. .I« two tailad tii^iilicifKHi value cO.OS 
constdersd signlicarrt. 
AMufO.- Sgiitican: (p<fi.C6j increase in MMVJ glucose and coil s^l levels wwe recorded ir ?olh the grocps. Ouri-ig sjrgsry greate-
rise in blooc glucose levels we'e reco'dsd in laparoscopic group (p<0.00'}. bjt '>» nciaase n bbod gucosa was C3r^nued in 
pi^ R-npnraliirR pniind rr open grraip {p<0.ftO1). Kbort corliFo vabieR WRr» RtnotRd rrf>-B signiir.anny di.riTg Riirgeiy anri in ftoiictfu-iir/e 
period in OMn group as corrpared 13 laparoscopic grciup(p<0.001). 
COitekiakMt: Our etucy suggests .he occurerxx ol dHlerenlial Hcmoral and irelabslic responses durng t-ie perioperaliye pericd b' 
bdh -ndhjdo ol chobcyolodomy. The ckssiial alross response in lorn ol Ucod glucose ard co-tiiJol arc -id changed grcally sv reducing 
surgical Irauma, se Ihe elimtii 'O' the etreee reepones sriee Irom visceral and periloroal allerert narvs libree in addition to those I'cm 
the abdominal wall. 
KEY WORDS: Srcss cvaltalior. Sorvim Cortisol. Sorun jusooc. Laparoocopic cholocy3:octo-ny 
The cellular or Torronat response egamst sj-gca inura deaends 
uf-cn exiera o( tmscomrolied deHberaie irjuiy. intea, the nonal 
physnlnoy is aiterer fir.icias sevsra organ syptRnsi. ihfiSR 
al sratbts are dirsct y pitipcrt cnal to the extent ?i inju ly which is 
assassed by measuring vaiote acxile phase leaclants, alcog wlf> 
otherdrculaling lacrcrsMna capacity to pixluce ciirxilalng iadore, 
ccpccicdly Iho cy:ckncs, is also central to the regulation ol Iho 
rrmunotilanmafcxy reapoises, defense mecianjsms and ronnal 
CEH gicwti. Reaclijn :if the body to scigicel huiy evokes endocrine, 
rii-iliiiulic&bruclier'iluil reaclijrib-'ifiJ liiygbr rt:ll-;x rviV'-»<^i^ 
will (XJtrpuxii'Wrpi^u viiri>ju»:buj«>lanuit>'jel'«)et'liypijlidUiriiic 
pt.Utaty-adrenal axis. TTHs ttes tee i caled "Stress raspcnse' or 
"alarm readionr. I hereto'E, hormcr^ ard rtetaboiic tBspDnse to 
SL rgical injt ry irrlirectly "eilects th3 alarming o' modulation ol body 
to this added st-ess, wnicn in turn, aliects Ihe perioperatve 
outcome*.*. 
~ho hoe: icsponss isgiadcd aooDfdng to the rtMcnitudc of 
operatve piDcedU^. La:>aiD3ccptc suigeiy is stead ly gaining 
popuariyover open surgical prooedurss*aid sne dthepurpored 
advatlages is the decreased magnitude of stress response as 
vutiipiMVc luuLrivtjrtliudal (upHi! ti*ituJs. Curdusr/e ^videris 
legaidiig tie impaa on ne suigicd moibidiy, hcwever, sim terrains 
elusrva Therapeutic aaaiosccpy srow an mtsgiai pan ot Todem 
«.rgical p-«rticfi, with he nntion of " lot fo m;^or» r-g«>ry rw even 
"tilr«t» lr«e tiurytirY" uii Urii part lA patient a$> wull at: siLryuori. 
We want3d ic EvaLtaie cur anaestnetc managenneni is view ol this 
sti3ss.Quaiiilicaior ol the dl'lerance ol respoise would enaUe 
r.R to plan a ttr^terlmR ot ansrsahaio manarRTfin" ard tins hfiip 
in lomilsli ig F.n (iftertiVR irstitritinnKi protiicrl. TI-R airpnl 
prospecfve study was jndena<en in paHeiis admittgc lor gall 
bladdar eurgaiy to evaluate Ihe hypothase lliat teparoecoplc 
chDloi»stocloniy produces bos of metabolic anc honmorol 
responses tian open cholecyslectonrty using plasma cortsd and 
glucose levels as 'response markers'. We £im at eveltatlon ol the 
ex-fin-, of risk inwdved during peropera.rve period so t»at a talionel 
£naegheiic approactt car t<e appied to obiund the diverse meiabdic 
£n3 hOTToral changes. 
PffTIBITS a. METHODS 
Alter aporoval of ti3 Unrveray ftMiil ol -Studies (BOS) and 
CGrDnrliaa for Acvanced Scientific Reeearch (CASR), patients 
cttsndtng :hc nocicci cdlogs Irom Aufust 2004 to August 200C 
were ncudsd n His study ete- hicrmcd consent Pa:icrts wth 
ecule chDleqfstiris, pancreat lis, choedocl-olith asis, mali£nancy, 
jaundoe were excluded I-am tl-e stucy. 
7)r=iaiiat:$itlH.ict»>;tii«cuijaiidcuixJiliijrit: weru ijlaridtrxli^cd 
ThicpantDtw sodum (sragn^ anc fBOtanyi ^uglog} were used tor 
mducion. TiacTeat inwbaion was ladSiaea wim :rie help ol 
Ors. Sftahia Heleem, Aaaodete Pmfeaaor, Atab Aimed, Registrar, Naitni iaSam, Asaocute Ptcfesaor, £. Oeno, Ptofsssoc, Oeptt. of 
Atim!iH»siikAjiff,KU>UiDtiukkHU. AtistuL Ajaiouiafe PioCeasiai, Oefjlt olSuisiei¥,A*iw}diausistaut. aittumaituUDeiai. aaf fb^Snuit. 
CotrespotOePfix: Os. SfnOia Hetsam. EsnB£ stKtttot>sieem1»yahDO£x>.ln 
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V30urorium bromce (0.l2n)g/kpi wheie as aneslhesc was 
rnainiainecl Kim 0 2 -0.5% Taiahane witi sijcy peiceni niirous 
owda in cteyger. Surgical relaxalfln was Trtainlainsd will intemnitlBn: 
fBpeaied JuseK d liij v«cjTL«iuiii. Pe»u|;enilive rtMiiloritig iiiOuOes 
t-B, WAP, EKG. pulse oximelty and ET002. End-tidal carbor 
d oxide was maintainec in ihe range ol 00 lo OG nwnl 5^  The 
nsJtjmuscular wodc was isversed win neosigrniro (0.05nig*g) 
and gly<»3ynr.3lat9 (0.006 ng/Vg) al te end DI strgeiy. Al 
ojsatons w e t a s i o n e d ater ar 3/einighl 8 hr lasting. The 
ojsn chdecysleclonry was petfon)GC rhrough rghl sub cosla 
irdsioo and laparoscope by'4-(iDCharappioach wlh etedrocaufeiv 
d sseirion. PneLnopertioneum was acrtsved wih carbon d oxide 
inaiff aJicn, nraintann£ inlra-abccmiial prassue ol 12-1S -nnHg. 
Pats lis who requ red ccnvsrsion to lapaixsicrry were exdudec 
troro f i9 sxdy. For pDsxferaJve pain iranagerflenl, deep 
inlremuscularinjecion o' didc-fenac aodiuni(1.6rTg*g) swsused. 
SevBfB pain noi conironed ty C»x^ intitiior, was treated by 
inject ng pentazodna (0.6 rrj/lcg Do^ jy weigli^. 
hirwenoos bleed was drawn enl cdlscted in plaii, sieiile 
vids. Ihe samples were sentinrrteciatslytoCiiochanrrcallaborakMy 
tor centitugatian et 3000 O tor 10 n m tor separa:ion c1 serum. 
Tne sera wee pt i in special uDeserd iranspored in ice txx lor 
Korage in deep (rooze- at -60" C in the laboratory whaiB ttie 
bochemical aialyss was dcre by t e conpaiert tatxiratory 
psrsrcrrt Minded 10 ine siiiriy. 
Five Wood samples we-e lalten from eacli pa;ien. 
(pieopeianyey, ii:taopetaiive, poswperalve - onr, 24-ir artd 4 3 i ) . 
Qtantilatwa eeeassmeni of eerum Cortisol wss doro by RIA (radio 
imrruncassay) and blood gluccse by j^uccse oxidase nieitiDd. 
SiatiPiifii) analy.siswappertornifirtrrsiTOSP.SSvil.O. inira-groiip 
& intsrgroup comporeore wore done by aaircd & unpai-cc 
sxcenrs 1- tes: respecilvsly. A a-tated p<0.05 was ta<8n as 
significai.. 
RESULTS 
A ictal of 42 potisns W3rc conoidcrod consioling of 21 in oacf-
yroup. O l votiiparitiui o' ag3 wui^tl aid Ucrdimi ol s-urgery 
bstf the groups wer^ sin-ilar in age (33+' and 32+ 6 ysa-s) 
weij)hl (401-7 and 4&t0 kg) and duration of sj^iery (03i-9 anc 
8&M Tiinute^i lor coen and laparosoopio groups res33Clively 
(:abie-l). 
The satsticel ODmpuletions were done by Lsnc f e software 
SPSS-vH. T IB indeper dunl sair pie T-lasi was d j i« lor equalily 
cl rrteans and Levena s-test was usee 'c-r ecualiiy ol variances. 
The9S%ocniidence ntetvatsotmean dfterenoe (CIO) withiTwer 
( J and upper (U) Nm ts lor blooia 0ucc€e were -7.023 and 7.689 
(^p.) &-7.032& 7.eOO(op9n) with 2-tai ed sign licance value of 
0.92T tndicalve of conparalale s:ress involved ic both giojjs in 
preoperatrve penod. inlraop6ra:ive and end y surgery samples 
had a 2-ta led signrficance va ues ol 0.04 end <0.001 lespsolvely 
(Tawa-M). Conversely the 95%C 0 was -22.3861 aid -I9.23eu 
and - l a e i G l and -£.3o9U with 2-taited signilicance valusEOf the 
cider of <0t001 cm 1''and2"'pcslcperalvecay lelecli-igdfleieniaf 
impar. c4 sj-gicai stress by trclh types ol sj-gery ( l-tg-i). 
The 2- failed significance value ol serum Cortisol in 
preopeiafiwe sage and ai nail an hourol cperaiiofi was ol 0.732 
& G.331, ae compared to basal leval indicaing instgrilcant 
differences in Itie intensity o' stoss betwesn two the croups 
prfmailly. t-owever, ai ins end ol si-gery, ?4 h- arc 46 hr 
postc-peratve, this a-ta led sigpilicanoe (p-velue) belwssn ttie two 
group decante <:aooi, macating tna; a perssteniy signitcani 
etrees \o tna patients ir open ehdecyslectomy as con-pared to 
the laparoscopic suxerv. Results revsaled tna: the bloDd oorlisd 
level was alierRd mnsidHraWy In npRn r-hotfifysifinomy as 
compared tofaperoscopic chofecystsclomy and contrary to blood 
gluccee. this rise in plasma ccrtsd leviel vias ccniiTu<3us a-^l cid 
net relim to t£ee lire as in frie open grcup (Fig-2i. 
DISCUSSION 
Both arccslhcsia & surgory play an inrportani rd3 in triggoiing 
St less tespcnss. Magniiuce ol ttaLma & decree ol ISSLB damage 
tias £ defiriie impact on :rauma iBspons^.Tlne rate of laparoscopic 
approach in ;ienerel surgerv is delinitely the wey forward 
Cr>n.oiderfrj: Ks rrary f.(t/arf.Qf>R, f wa« sroising (or ris ih^i thfi 
enthusiasm ol people 'orlapaiciscopicpiT)codun3 dcdircdincur 
iiislituliui. TItis iiludy, llierdlurj, was to fctsi^ss lliti uxl-jii ul 
stress invdved :o the patients ay both lecfn cues. Booc gluoDse 
and serum corisd are well established maike ^ , wtid- have been 
Table 1 
Demographk profile 
Op«n chol»cyttoctonr/ (CX;) 
(HWan ASLD.) 
A«|B (yis) 3 3 t 4 fis. 
Weight (kg) 40=7 kg 
Dur«4 en o\ Surge-y imtn) 03=d minuls* 
Tables 
Uvdui Bli/aJ iAju-jte mulEluuC Ccilhtjl .'eKois foJar/iiii 
Sampling Pra-Op. t'2 Hour 
\(.fMi 
Laparoscopic 
cholacyslAclofny (LC) 
33±5 «is. 
4!tt8kg 
ODt+ rrtinute^ 
mii ktiJdautiiiUfM i,irjitiU!ii>lvLbj:i« 
End of Op. 24 Hr Poet op 48 Hr Post op 
B.Gfucos»imo/d) 
Croup (open) 
Group (Lap) 
B.C»i1iftol {nTolA.< 
Group (open) 
Group (Lap) 
96.3810+10.45 
6t:7-'^± taoo 
3tt./|7ii>&.S0 
423.M>=-19.95. 
144.0476= 7.179 
154.e571=-6.475 
e2e.0&t117.1» 
589.33t112.80 
I3 .6 l8£ ia£49 
156.286*12.611 
78- .52t- 34.92 
710.95*138.11 
124.381+1^019 
88.571 ±8.807 
595.611120.79 
439.47t10'-.29 
112.523*13.333 
99.2657*6.687 
'91.33±1Sa37 
300X)4t4155 
47 
